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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a total solid lithium secondary battery and its 
assembled- type battery with excellent charging and discharging cycle property. 

SOLUTION: This total solid lithium secondary battery is produced by using an anode active 
material whose potential discontinuously changes relative to reversible intercalation reactions of 
lithium ion and is so constituted as to make the quantity of the intercalated lithium ion to cause 
the discontinuous potential change of the anode equal to or smaller than the maximum quantity 
of dissociated lithium ion to cause reverse lithium ion intercalation of a lithium transition metal 
oxide. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrolyte layer which makes a lithium ion conductivity solid electrolyte a subject 
The positive electrode containing the lithium transition-metals oxide which produces the 
reversible electrochemical insertion elimination reaction of the lithium ion to the lithium ion site 
in the crystal structure. The negative electrode containing the matter in which a discontinuous 
change of the potential accompanying the insertion elimination reaction of the lithium ion to the 
lithium ion site in the crystal structure is shown. It is all the solid-state lithium secondary 
batteries equipped with the above, and the amount of insertion of a lithium ion until the potential 
of the matter in which a discontinuous change of the potential accompanying the insertion 
elimination reaction of the aforementioned lithium ion is shown changes discontinuously to the 
amount of the maximum desorption of the lithium ion which causes insertion desorption of the 
reversible lithium ion of the aforementioned lithium transition-metals oxide is equal, or is 
characterized by being smallness. 

[Claim 2] The matter in which a discontinuous change of the potential accompanying the 
insertion elimination reaction of the lithium ion to the lithium ion site in the crystal structure is 
shown An indium, aluminum, lead, a bismuth, antimony, a gallium, Tin, silver, silicon, zinc, 
cadmium, arsenic, at least one kind of metal chosen from the group of titanium, Or all the solid- 
state lithium secondary batteries according to claim 1 characterized by being the alloy of the 
metal chosen from these groups, or the alloy of at least one kind of metal, and a lithium chosen 
from these groups. 

[Claim 3] The amount of insertion of a lithium ion until the potential of the matter in which the 
matter in which a discontinuous change of the potential accompanying the insertion elimination 
reaction of the lithium ion to the lithium ion site in the crystal structure is shown is an indium, 
and a discontinuous change of the potential accompanying the insertion elimination reaction of a 

lithium ion is shown changes discontinuously [Formula 1] 

In + Li + + e ‘ -» J n — Li 

All the solid-state lithium secondary batteries according to claim 1 characterized by being an 
amount corresponding to ********. 

[Claim 4] The amount of insertion of a lithium ion until the potential of the matter in which the 
matter in which a discontinuous change of the potential accompanying the insertion elimination 
reaction of the lithium ion to the lithium ion site in the crystal structure is shown is aluminum, 
and a discontinuous change of the potential accompanying the insertion elimination reaction of a 

lithium ion is shown changes discontinuously [Formula 2] 

A I + L i * + e * -*• A 1 — L i 

All the solid-state lithium secondary batteries according to claim 1 characterized by being an 
amount corresponding to ********. 

[Claim 5] All the solid-state lithium secondary batteries according to claim 1 characterized by 
choosing the matter in which a discontinuous change of the potential accompanying the insertion 
elimination reaction of the lithium ion to the lithium ion site in the crystal structure is shown 
from the group of a transition-metals oxide, a lithium transition-metals oxide, a transition-metals 
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sulfide, and a lithium transition-metals sulfide. 

[Claim 6] All the solid-state lithium secondary batteries according to claim 5 with which the 
transition-metals element of a transition-metals oxide or a lithium transition-metals oxide is 
characterized by being a kind of element chosen from the group of titanium, manganese, a 
tungsten, and vanadium at least. 

[Claim 7] All the solid-state lithium secondary batteries according to claim 5 with which the 
transition-metals element of a transition-metals sulfide or a lithium transition-metals sulfide is 
characterized by being a kind of element chosen from the group of titanium, molybdenum, 
niobium, a tungsten, and vanadium at least. 

[Claim 8] All the solid-state lithium secondary batteries according to claim 1 characterized by 
the transition-metals elements of a lithium transition-metals oxide being cobalt, nickel, 
manganese, and at least one kind of element chosen from an iron group. 

[Claim 9] All the solid-state lithium secondary batteries according to claim 1 with which a lithium 
ion conductivity solid electrolyte is characterized by being an inorganic compound. 

[Claim 1 0] All the solid-state lithium secondary batteries according to claim 9 with which an 
inorganic compound is characterized by the amorphous thing for which a sulfide is made into a 
subject. 

[Claim 11] All the solid-state lithium secondary batteries according to claim 9 characterized by 
an inorganic compound being what compounded from the matter which makes a sulfuration 
lithium and a silicon sulfide a subject. 

[Claim 1 2] The battery to which the unit cell which the battery which consisted of two or more 
unit cells connected electrically has the structure where two or more unit cells were connected 
to the part in series, and has the minimum capacity at least among two or more unit cells 
connected to the aforementioned serial is characterized by being all solid-state lithium 
secondary batteries according to claim 1 to 1 1 . 

[Claim 1 3] The battery according to claim 1 2 characterized by containing two or more unit cells 
in the same cell container which has airtightness. 

[Claim 14] The charge method of the cell according to claim 1 to 13 characterized by charging 
the cell according to claim 1 to 13 which produces a discontinuous voltage change on voltage V2 
from voltage VI less than [ voltage V2 ] to charge quantity of electricity. 

[Claim 1 5] The lithium secondary battery characterized by using Li4 / 3Ti5 / 304 as an 
electrode active material using the amorphous lithium ion conductivity solid electrolyte which 
makes a sulfide a subject as an electrolyte. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[The technical field to which invention belongs] this invention relates to these charge methods 
at all the solid-state lithium secondary batteries and battery which used the lithium ion 
conductivity solid electrolyte as an electrolyte, and a row. 

[ 0002 ] 

[Description of the Prior Art] In recent years, the need of a cell is very big as the power supply 
with development of portable devices, such as a personal computer and a cellular phone. Small 
[ a lithium / atomic weight ], since ionization energy is the big matter, research is briskly done as 
a cell which can obtain high-energy density, and especially a lithium cell has come to be used for 
large areas including the power supply of a portable device now. 

[0003] Moreover, on the other hand along with wide use of a lithium cell, a close-up of the 
interest about the safety of a cell has been taken by the increase in the internal energy by the 
increase in the amount of content active materials, and the increase in the content of the 
organic solvent which is the combustible material further used for an electrolyte in recent years. 
It is very effective to replace with an organic-solvent electrolyte and to use the solid electrolyte 
which is noncombustible matter as a method for securing the safety of a lithium cell, and 
development of all the solid-state lithium cells equipped with high safety is desired 
[0004] Furthermore, in order to high-voltage-ize a cell, for example, a lithium cobalt oxide (Lil- 
xCo02) etc. is used as a positive active material of a lithium cell. This matter is a metastable 
phase obtained from LiCo02 which is an elevated-temperature stable phase by being desorbed 
from a lithium ion. LiCo02 has the structure in which the triangular grid of oxygen, a lithium, and 
cobalt was piled up in order of O-Li-O-Co-O-Li-O, and a lithium ion exists between the layers 
of Co02. When a lithium ion carries out insertion desorption in reversible between this layer, it 
acts as an electrode material of a lithium cell. 

[0005] The lithium ion in the inside of LiCo02 is bearing the role which draws between CoO two- 
layer to each other by the electrostatic attraction with the oxygen atom which wore anionic [ in 
CoO two-layer ]. When are desorbed from a lithium ion and Li in O-Li-O structure stops existing 
from LiCo02, the electrostatic repulsive force between the oxygen atoms in CoO two-layer 
increases, and elongation arises between layers. Consequently, expansion and contraction of a 
crystal lattice will arise by the insertion elimination reaction of a lithium ion at the time of the 
charge and discharge of a lithium cell. 

[0006] The interfaces of the electrode active material in all the solid state batteries that used 
the solid electrolyte as an electrolyte, and an electrolyte are a solid-state / solid-state 
interface, and it is in a difficult inclination to enlarge the touch area of an electrode active 
material and an electrolyte, i.e., an electrochemical reaction interface, compared with the solid- 
state / liquid interface in the conventional liquid electrolyte. Furthermore, when the matter which 
a volume change produces by charges and discharges, such as a lithium cobalt oxide described 
previously, is used as an electrode active material, it is difficult to keep constant the junction 
state between a solid electrolyte and such an electrode active material. Consequently, during the 
operation of a cell, the junction state becomes what always changes, and the overvoltage of 
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»l«»rtrftde reaction also changes with change of the junction state. f • 

r0007l As a method of charging a cell, when constant value with the terminal voltage o a ce is 
reachedjrf order to fnd chaU when which charging method is used, “e^s^p 
the charge voltage of a cell in the case of a constant-current charge method, although 
constant-current charge method or a constant-potential charge method. 

[0009 J Wthough Lio electrode criteria shew the high reversible electrode pctenbal 

leso^n of a T»ium ion to the reversible range. When the amount of deception of a lithium 

• 'll hernme too much big the crystal structure changes and the reversible inse ion 

ion will become too muen g, it Therefore when change arises in an 

mmm 

s=s= =a==s 

electrode potential exceeding 4V although UI-XN^. L ' XMn b taking meta stable 

cycle property, and its charge method. 

[Means for Solving the Problem] The electrolyte layer to which this invention makes a lithium ion 
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, /l+v cnliH e |ectrolvte a subject, The positive electrode containing the lithium transition 
C °t^xde vvhichproduces the reversible electrochemical insertion elimination reaction of the 

^Insertion elimination reaction of the aforementioned lith um .on is shown chanfea 
, . ji - r If ronsiders as the composition which is smallness 

PlsTr^etrore as matter in which a discontinuous change of the potential 

chosen^ fr"se groups or the alloy of at least one kind of metal chosen from these groups 

!llrSSES||' 

dilcontinuous change of the potential accompanying the insertion el, m, nation reaction 

lithium ion to the lithium ion site in the crystal structure ,s shown. 

[Formula 3] , . . 

In + Li* + e- — ln-Li 

[001 8] All solid-state lithium secondary batteries are constituted as an amount Cor ^ S ^° ^ ® 
2ESJS: Moreover, the amount of insertion of a lithium ion Tact" of 

dis"ous cCe of the potential accompanying the insertion elimination reaction of the 
lithium ion to the lithium ion site in the crystal structure .s shown. 

[Formula 4] 

A 1 + Li + + ® " — Al-Li 

[0020] All solid-state lithium secondary batteries are constituted as an amount correspo g 

5s a iszxrsz. - 

as matter in which a discontinuous change of the potential accompanying the insert, 

transition-metals sulf,de or a lithium transition-metals suffid<~ e , ement chose „ from a „ iron 

“rr^i^^^e^he lithium transition-metals oxide used for a 

&"'what is an inorganic compound is used as a lithium ion conductivity solid 
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used. 

[0027] Moreover, this invention uses all the solid-state lithium secondary batteries of a 
publication above as a unit cell which has the minimum capacity at least among two or more unit 
cells to which the battery which has the structure where two or more unit cells were connected 
in series in part was connected in series. 

[0028] Furthermore, a battery consists of containing two or more unit cells in the same cell 
container which has airtightness. 

[0029] Moreover, this invention charges these cells that produce a discontinuous voltage change 
on voltage V2 from voltage VI less than [ voltage V2 ] to charge quantity of electricity. 

[0030] Moreover, Li4 / 3Ti5 / 304 is used as an electrode active material using the amorphous 
lithium ion conductivity solid electrolyte which makes a sulfide a subject as an electrolyte. 

[0031] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained by taking 
for an example all the solid-state lithium secondary batteries that used the lithium cobalt oxide 
as a positive active material, and used the indium-lithium alloy as a negative electrode. 

[0032] If a lithium cobalt oxide (LiCo02) is used as the solid electrolyte of lithium ion 
conductivity, and a positive active material, an indium is used as a negative electrode and all 
solid-state lithium secondary batteries are constituted, the reaction expressed with (** 5) in a 
positive electrode at the time of the charge and the reaction expressed with a negative 
electrode by (** 6) will arise. That is, in a positive electrode, the elimination reaction of the 
lithium ion from a lithium cobalt oxide arises, and, on the other hand, an indium-lithium alloy is 
formed of the lithium ion desorbed from the positive electrode by the negative electrode. 

[0033] 

[Formula 5] 

LiCoOa -* Lii-.CoOa 4- xL i * + xe‘ 

[0034] 

[Formula 6] 

In + xLi* + x e “ -* In-Li* 

[0035] Here, the range of the range which the reversible insertion elimination reaction to a 
lithium cobalt oxide produces is x<=0.5, and the potential of an indium-lithium alloy changes from 
about 0.6V to about 0.4 V discontinuously in the x= 1.0 neighborhood. 

[0036] Drawing 1 (a) is drawing having shown change of the single electrode potential of the 
positive electrode in charge of all the solid-state lithium secondary batteries constituted from a 
mole ratio to the indium which is a negative-electrode active material, using a 2.1 times as many 
lithium cobalt oxide as this as a positive active material, and a negative electrode. Moreover, 
change of electromotive force of cell was shown in drawing 1 (b). The amount of the maximum 
desorption of the lithium ion which causes insertion desorption of the reversible lithium ion of a 
lithium cobalt oxide is an amount used as composition of Li0.5CoO2, and the amount of insertion 
of a lithium ion until the potential of an indium changes discontinuously on the other hand is an 
amount used as composition of In~Li. Therefore, in all these solid-state lithium secondary 
batteries, the amount of insertion of a lithium ion until the potential of an indium changes 
discontinuously has almost equally composition which is smallness a little to the amount of the 
maximum desorption of the lithium ion which causes insertion desorption of the reversible lithium 
ion of a lithium cobalt oxide. 

[0037] On the other hand, change of the single electrode potential of the positive electrode in 
charge of all the solid-state lithium secondary batteries constituted from a mole ratio to the 
indium which is a negative electrode, using a 1.4 times as many lithium cobalt oxide as this as a 
positive active material, and a negative electrode was shown in drawing 2 (a), and change of 
electromotive force of cell was shown in drawing 2 (b). In all these solid-state lithium secondary 
batteries, it has the composition that the amount of insertion of a lithium ion until the potential 
of an indium changes discontinuously serves as size, to the amount of the maximum desorption 
of the lithium ion which causes insertion desorption of the reversible lithium ion of a lithium 
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rnn^Rl ?n aH the solid-state lithium secondary batteries of these composition, a lithium cobalt 

SUSSn of U0.5COO2 - since until is the — cel, — J ^ 

r c rrt“^nL c voS 5 e ««— <*»•-*<«> ° f 

the inclination which decreases with charge of a cell as 
BM«ror^LmpL!when d it charges by the constant voltage, eta becomes small with 

E^Tne^'r letmt 1^- thing erplanabon is conbnued about the 

rrrHS=ESS»=: 

iTS=E£iSi=' 

lithium ion site m the cnrstal structure ln all the soud scontinuous chan g e of potential is 

site in the crystal structure As °PP ose reve rsible lithium ion of the aforementioned lithium 

ion which causes insertion of insert ion of a lithium ion until the potential of the 

transition metals o L , x Dotential is shown in connection with the insertion 

proSirS 
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can be obtained by considering as smallness 

[0047] Moreover, as drawing 1 (b) showed the cell considered as the above-mentioned 
composition, a cell voltage shows the discontinuous change to V2 from VI to charge quantity of 
electricity. Therefore, it is desirable to make charge voltage into less than [ V2 ] in this cell. 
[0048] Moreover, the phenomenon in which a charge-and-discharge cycle property is spoiled by 
the above-mentioned deep charge appears notably for the following reason in all the solid-state 
lithium secondary batteries that used the solid electrolyte as an electrolyte, although generated 
also in the lithium secondary battery which used the organic electrolyte as an electrolyte. 

[0049] As already stated, when are desorbed from a lithium ion and Li in O-Li-O structure stops 
existing from LiCo02, the electrostatic repulsive force between the oxygen atoms in CoO two- 
layer increases, and the mechanism in which a charge-and-discharge cycle property is spoiled 
by deep charge is because instability increases to the crystal structure. However, since it is in 
the state where the organic-solvent molecule was also simultaneously inserted between CoO 
two-layer into the electrolyte using the organic solvent, when a lithium ion ****s from between 
CoO two-layer, the organic-solvent molecule exists between layers. An electrostatic interaction 
arises also between this organic-solvent molecule and the oxygen atom in CoO two-layer, and a 
quadrupole moment arises in an organic-solvent molecule. Consequently, the electrostatic 
repulsive force between oxygen atoms decreases, and the instability of the crystal structure is 
reduced. Since such an interaction does not arise in [ all ] a solid-state lithium secondary 
battery to it, compared with the case where the instability of a crystal uses an organic 
electrolyte, it is tended to spoil deep charge greatly therefore a charge-and-discharge cycle 
property. 

[0050] By the above reason, it is a book. 

[0051] Moreover, a lithium ion conductivity solid electrolyte is divided roughly into what consists 
of an inorganic compound, and the thing which makes an organic high molecular compound a 
subject. What makes an organic high molecular compound a subject contains the organic solvent 
as a plasticizer, and contributes to this organic-solvent molecule reducing the instability of the 
above-mentioned crystal. Therefore, as a lithium ion conductivity solid electrolyte, it sets to all 
the solid-state lithium secondary batteries that used the thing of an inorganic compound, and is 
a book. 

[0052] Furthermore, the operation current characteristic of all solid-state lithium secondary 
batteries can be made into the outstanding thing by using what has high ion conductivity as a v 
lithium ion conductivity solid electrolyte which consists of an inorganic compound Therefore, the 
amorphous thing which makes a sulfide a subject as what shows high ion conductivity as a 
lithium ion conductivity solid electrolyte which consists of an inorganic compound is used 
especially preferably. Although these are obtained by carrying out melting of the mixture of the 
sulfuration lithium for generating a sulfide with glass organization potency, and the lithium ion 
which is a movable ion in glass structure, and quenching it at an elevated temperature, the vapor 
pressure of each component at the time of composition is a low thing, and what is compounded 
especially from a sulfuration lithium and the matter which makes a silicon sulfide a subject is 
desirable especially from not sealing a starting material, in order to suppress evapotranspiration 
of a component, and being suitable for extensive composition. 

[0053] Although the above explained by taking an indium or indium-lithium alloy for an example 
as matter in which a discontinuous change of potential is shown in connection with the insertion 
elimination reaction of the lithium ion to the lithium ion site in the crystal structure, the following 
matter is mentioned as matter in which such an operation is shown. 

[0054] First, a metallic element is explained. When the insertion reaction of the lithium ion to the 
lithium ion site in the metal expressed with the symbol of element Me is expressed with (** 7) to 
a general target and Me is aluminum, potential produces the discontinuous change to the 0.35V 
to 0V neighborhood in the x= 1.0 neighborhood. From this, it replaces with the indium which 
explained above, and when aluminum is used, the same effect can be acquired. 

[0055] 

[Formula 7] 

Me + xLi + + xe" -♦ Me-Li* 
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[0056] As other Me(s), in the case of x= 2.0 and antimony, also in the case of x= 1.0 and tin, it is 
x= 1.0, and, also in the case of a bismuth, in the case of x= 2.5 and a gallium, change of 
discontinuous potential is produced [ in / x= 2.0 / in the case of lead ]. Moreover, since silver, 
silicon, zinc, cadmium, arsenic, titanium, etc. produce change of discontinuous potential by the 
insertion reaction of a lithium ion, the same effect can be acquired when these matter is used. 
[0057] Moreover, in the case of the matter in which a discontinuous change of two or more 
potentials is shown, in connection with the insertion elimination reaction of a lithium ion, you may 
use the amount of insertion which produces a discontinuous change of which potential as an 
amount of insertion of a lithium ion until potential according to claim 1 changes discontinuously. 
[0058] For example, when Me is tin in (** 7), the change of potential also with x= 2.3, and 
discontinuous 2.5, 2.6, 3.5 and 4.4 other than x= 1.0 is produced, therefore, as composition of all 
the solid-state lithium secondary batteries that used LiCo02 for the positive active material, and 
used tin for the negative-electrode active material the amount of insertion of the lithium 
corresponding to the reaction at the time of being referred to as x= 1.0 in (** 9) by the negative 
electrode arising to the amount of desorption of the lithium corresponding to the reaction 
expressed with (** 8) in a positive electrode arising is equal — or — smallness — by 
considering as composition the amount of insertion of the lithium corresponding to the reaction 
at the time of the same effect not only being acquiring, but carrying out to X= 2.3, and 2.5, 2.6, 

3.5 and 4.4 in (** 8) by the negative electrode arising is equal — or — smallness — an effect 

with the same said of considering as composition can be acquired 

[0059] 

[Formula 8] 

L i C o 0 a -*■ Lio. sCoOs 4* 0. 5 L i + + 0. 5 e" 

[0060] 

[Formula 9] 

Sn + xL i* + xe' -*■ Sn-L i, 

[0061] Moreover, also in the case of the alloy which consists of an indium, aluminum, lead, a 
bismuth, antimony, a gallium, tin, silver, silicon, zinc, cadmium, arsenic, and two or more sorts of 
metallic elements chosen from titanium, generally in connection with the insertion elimination 
reaction of a lithium ion, a discontinuous change of two or more potentials is shown. When such 
matter is used as a negative-electrode active material, you may use the amount of insertion 
which produces a discontinuous change of which potential as an amount of insertion of a lithium 
ion until potential according to claim 1 changes discontinuously similarly. 

[0062] Moreover, it may replace with the above-mentioned pure metal or an alloy, and the alloy 
of these metals or alloys, and lithiums may be used. 

[0063] however — for example, — if the case where the indium-lithium alloy which replaces with 
the metal indium of all the solid-state lithium secondary batteries that used the indium as 
LiCo02 and a negative-electrode active material as a positive active material described 
previously, and is expressed with In-Li0.1 is used is taken for an example — (** 6) — replacing 
(** 10) — the amount corresponding to y expressed, i.e., the amount corresponding to y= 0.9, 
turns into the amount of insertion of a lithium ion until potential changes discontinuously 
[0064] 

[Formula 10] 

In-Li o. » + y L i + + ye" -► In-Li i. o 

[0065] Also in the alloy of the metal or metal in which a discontinuous change of potential is 
shown in connection with the insertion elimination reaction of the lithium ion to the lithium ion 
site in the above crystal structures, and a lithium, when an indium is used as a metallic element, 
the diffusion rate of the lithium ion in the inside of the matter will become big, and can constitute 
all the solid-state lithium secondary batteries that can operate by the high current. Therefore, as 
an alloy of the metal or metal in which a discontinuous change of potential is shown in 
connection with the insertion elimination reaction of the lithium ion to the lithium ion site in the 
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crystal structure, and a lithium, an indium or indium-lithium alloy is used preferably. 

[0066] Moreover, also in the alloy of the metal or metal in which a discontinuous change of 
potential is shown in connection with the insertion elimination reaction of the lithium ion to the 
lithium ion site in the crystal structure, and a lithium, when aluminum is used as a metallic 
element, since aluminum is a light element, all solid-state lithium secondary batteries with a high 
energy density can be constituted. Therefore, as an alloy of the metal or metal in which a 
discontinuous change of potential is shown in connection with the insertion elimination reaction 
of the lithium ion to the lithium ion site in the crystal structure, and a lithium, an aluminum or 
aluminum-lithium alloy is used preferably. 

[0067] Next, a transition-metals oxide, a lithium transition-metals oxide, a transition-metals 
sulfide, and a lithium transition-metals sulfide are explained as matter in which a discontinuous 
change of potential is shown in connection with the insertion elimination reaction of the lithium 
ion to the lithium ion site in the crystal structure. 

[0068] In these matter, the lithium titanic-acid ghost (Li4 / 3Ti5 / 304) which has a spinel type 
structure produces the insertion reaction of an electrochemical lithium ion expressed with (** 

11) in the electrolyte of lithium ion conductivity, and the potential produces a discontinuous 
change in x= 1.0. Therefore, the same effect can be acquired, when it replaces with the above- 
mentioned indium etc. and Li4 / 3Ti5 / 304 is used. Moreover, similarly LiTi 204 produces a 
discontinuous change of potential in x= 1.0 in (** 12) as a lithium titanic-acid ghost. 

[0069] 

[Formula 11] 

L i i/sT i s/iOi + xLi* + xe“ — * Li + *T i e/* 0 4 

[0070] 

[Formula 12] 

LiTi 2O4 + xL i * + xe“ — ► L 1 niT i 2O4 

[0071] As the transition-metals oxide which produces the discontinuous potential change 
accompanying the insertion reaction of such a lithium ion, or a lithium transition-metals oxide, 
Ti02, Mn02, W03, W02, V205 or LixTi02, LixMn02, LixW03 and LixW02, LixV 205, etc. can be 
mentioned, and when these are used, the same effect can be acquired. 

[0072] Moreover, as a transition-metals sulfide or a lithium transition-metals sulfide, TiS2, MoS2, 
NbS2, WS2, FeMo6S8, V2S5 or LixTiS2, LixMoS2, LixNbSZ and LixWS2, LixMo6S8, LixV2S5, etc. 
can show the discontinuous potential change accompanying the insertion reaction of a lithium 
ion, and they can use it similarly. 

[0073] Moreover, the problem about the cycle property of a cell that the structure instability 
accompanying desorption of the lithium ion of the lithium transition-metals compound described 
above becomes a cause poses a big problem especially in the battery which carried out the 
laminating of the cell in series. It becomes easy to maintain at the charge depth which shows the 
cycle performance which was excellent in using all the solid-state lithium secondary batteries of 
a publication above to it as a unit cell which has the minimum capacity at least among two or 
more unit cells connected to the serial of a battery in the unit cell since the voltage of a battery 
changed discontinuously in the charge last stage. Therefore, especially this invention 
demonstrates the effect in a battery. 

[0074] furthermore, since not all the above-mentioned solid-state lithium secondary batteries 
have the common electrolyte effect, it is possible to contain two or more unit cells in the same 
airtight cell container, and a cell case is made into easy structure by considering as this 
composition — things are made and a cheap battery can be constituted 

[0075] Moreover, also in the above batteries, charging less than [ voltage V2 ] is desirable in the 
battery which terminal voltage shows a discontinuous change to charge quantity of electricity, 
and produces a discontinuous voltage change on voltage V2 from voltage VI. 

[0076] In addition, potential may not mean only a reversible electrode potential in this 
specification, and the mixed potential in 2 phase mixed state etc. is sufficient. 

[0077] Moreover, a discontinuous change of potential shows that it sets, for example (** 6) and 
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a rapid potential change is produced to change of x. For example, if potential of In-Lix in (** 6) is 
set to E, it means that the rate of change (dE/dx) of E to change of x shows a peak, and only 
the case where the discontinuity in a strict mathematical meaning, i.e., dE/ dx, emits is not 
shown. 

[0078] Moreover, as the above-mentioned rapid potential change, change as shown below is 
desirable. The lithium transition-metals oxide which produces the reversible electrochemical 
insertion elimination reaction of the lithium ion to the lithium ion site in the crystal structure 
used as a positive active material in [ all ] a solid-state lithium secondary battery. When the 
matter in which a discontinuous change of the potential accompanying the insertion elimination 
reaction of the lithium ion used for a negative electrode is shown produces the electrochemical 
reaction expressed with (** 13), Between the rate of change dEn (x) of the rate of change dEP 
(x) of positive-electrode potential (EP (x)) / dx, and negative-electrode potential (dEn (x)) / dx 
composition x=x0 which shows a discontinuous potential change — setting — at least — dEn 
(xO)/dx>dEP(xO)/dx — it is that a relation is materialized and is the range of dEn(xO)/dx>5V still 
more preferably 
[0079] 

[Formula 13] 

JESfiJCfc : L iMe 0* -♦ Lii e O a -I- x L i 4 4 x e " 
jiSSJCS : O x 4- xL i + 4- xe‘-+ Red 

[0080] On the other hand, when dEn (x)/ dx is smaller than the value with which these relations 
are filled, it will be easy to be in the state where the cell was deeply charged by change of an 
overvoltage, or change of charge voltage, and it will become difficult to obtain all the solid-state 
lithium secondary batteries excellent in the charge-and-discharge property. 

[0081] In addition, Ox in (** 13) is an empirical formula which contains [ in the case of In-LiX an 
aluminum-LiX alloy, etc. ] one transition-metals atom from which formal **** of a publication 
changes to (** 13) in the case of the metal of host phases, such as In and aluminum, a 
transition-metals oxide, or a transition-metals sulfide. That is, the valence is expressed in writing 
only in the transition-metals element from which it is specifically empirical formulas, such as 
Ti4+S2, and Li1/Li[3Ti2/3] Ti4+04, and formal **** changes to these empirical formulas. 

[0082] Moreover, the volume change of an electrode active material pointed out having big 
influence on the cycle property of a solid state battery. For example, in the reaction (** .) in 
which an aluminum-lithium alloy is formed of the electrochemical reaction of aluminum and Li+, 
aluminum and aluminum-Li of the crystal structure are cubics, and the lattice constant is 4.049A 
and 6.373A, respectively. Consequently, aluminum carries out occlusion of the Li and the volume 
of an electrode active material expands about 3.9 times by the aluminum— Li alloy and the bird 
clapper. 

[0083] 

[Formula 14] 

A 1 + Li* + e* - Al-Li 

[0084] While there is an electrode active material which produces such a big volume change, 

Li4 / 3Ti5 which has Spinel structure / 304 is reported as an active material with the very small 
volume change accompanying electrochemical reaction with Li+. When Li4 / 3Ti5 / 304 is used 
for an electrode active material and a solid state battery is constituted, it is expected that the 
solid state battery which has the further excellent cycle property can be constituted from the 
influence by volume change which was pointed out previously hardly arising. 

[0085] As a solid state battery which used these Li4 / 3Ti5 / 304 for the electrode active 
material, what used Li0.33La0.56TiO3 for the solid electrolyte is proposed (T. it is described as a 
quotation 1 Brousse, P.Eragnaud, RMarchand and D.M.Schleich, Extended Abstracts of 8th 
International Meeting - Lithium Batteries, 324 (1996) Nagoya, and henceforth). However, since 
Li0.33La0.56TiO3 is a solid electrolyte containing a transition-metals atom, it has the technical 
problem that it is easy to be returned electrochemically. For example, a solid electrolyte will be 
returned at the time of charge, and as shown in Fig.1 in a quotation 1, it has problems, like 
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electric discharge quantity of electricity becomes small to charge quantity of electricity. 

r0086l Thus even when Li4 / 3Ti5 / 304 was made into an electrode active material and u , 

dependmg on sdeoLn of . solid electrolyte, charge-and-discharge sffioienoy was bad and ths 

cell property also had the problem which becomes unstable. , _ T;5 , the 

rnnS7l On the other hand by combining with this solid electrolyte also in Li4 / 3T.5 / near t 
[0087] On the ower nano, oy ^ ^ e|ectrochemica||y stable for the first time, the amorphous 

solid state battery which has the cycle property which was excellent as a result j. 

[Example] Hereafter, although this invention was explained in detail using the example, all the 

[WS^^xamde^TT^e^th^^^bairoxhie^^^chls^sed asTposWve active material and which 
sTorSed with LiCo02 as a lithium transition-metals oxide which produces the reversib^ 

Sss™a U Z a wa?™ed “u^ht mixture, and it fused at 1000 degrees C in the argon gas air 
current for 2 hours. Then, the lithium ion conductivity solid electrolyte was obtained by 

- nd 6 made fr ° m stainiess 

Snn^fthtJTohdtite^Lm seconded battery A. the amounts of the ma^.^ 

elimination this ceM has the composition that the amount of insertion of a 

the reversible lithium ion of a lithium transition-metals ox.de IS . *™f™**' methods as the above 
[0095] All solid-state lithium secondary battery B consisted of th . . thi e || 
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Which a discontinuous change of potential is shown in connection with the insertion el.rn.nat.on 
reaction of a lithium ion changes discontinuously to the amount of the maximum desorption of 
the lithium ion which causes insertion desorption of the reversible lithium ion of a lithium 
transition-metals oxide has composition which is size. 

r 0 096l Thus all the constituted solid-state lithium secondary batteries were charge y 
current vat Drawing 4 is the 1st charging curve of these cells. However about 

all solid-state lithium secondary battery A, the charging curve considered as the final voltage o 
charge of 3.85V which produced a discontinuous change. About all solid state Jthium secon ary 
battery B, it considered as the final voltage of charge of the terminal voltage at the time of 

f 00 ^Thl?^VnaUolta^ of charge was determined, final voltage of electric discharge was 
Er ^ to 2 and the charge-and-discharge cycle examination of SOOm.cro of charge and 
discharge currents A was performed. Electric discharge quantity of electricity m each cycle 

obtained as a result is shown in drawing 5 . . , f „ f th serv j ce 

[0098] At all solid-state lithium secondary battery A ,n th,s ™ en t,o n *e fall f of l ct ™ 

charge voltage by the following methods was investigated. ... , niv 

[0100] First, the power supply which generates the voltage which superimposed amplitude 0^ 

and alternating voltage with a frequency of ImHz on the with 

batterv charger was used. Each solid-state lithium secondary batteries of all were charge 
this battery charger for 50 hours, after that, the charge-and-discharge cycle i examination which 
discharges to 2.0V by the constant current of 500microA was performed, and the service 
in PAeh cvcle was recorded. The result is shown in drawing _b . 

[0101] At all solid-state lithium secondary battery A most falls of the se "' ce aap ^ V , jn 
accompanying a charge-and-discharge cycle had serv.ce capacity lower than i the ,to*t f SUge 

rnl03l (Example 2) Except having used aluminum, it replaced with the indium used in the example 

- 

ftt Sae same method as an example 1. and all solid-state lithium secondary batter.es were 

[oTot^By t'h^same metho".^^^ example^ 1 .^c<unpmun S ded°^d^ °ed. and weighing capacrt\^of 

solid electrolyte and the lithium cobalt oxide was earned out and they 

fo,o"\!i"^ battery C consisted of the -me -thods as an 
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a lithium ion is shown changes discontinuous^ to the amount of the maximum desorption of the 
lithium ion which causes insertion desorption of the reversible lithium ion of a lithium transi ion 

[0^07] All solid-state lithium secondary battery D consisted of the same methods as the above 
except having set the weight of a negative electrode to 50mg continuously for comparison. In 
this cell, the amounts of insertion of a lithium ion until the potential of aluminum changes 
discontinuous^ are 41.4mAh(s), and the amount of insertion of a lithium ion until POtent'al of 
the matter in which a discontinuous change of potential is shown in connection with the insertion 
elimination reaction of a lithium ion changes discontinuously to the amount of the . 
desorption of the lithium ion which causes insertion desorption of the reversible lithium ion of a 

lithium transition-metals oxide has composition which is size. orfnrmt ,A 1Jgintr all the 

[0108] Thus, the same charge and discharge test as an example 1 was performed using al the 
constituted solid-state lithium secondary batteries. However, it considered as the ^ * ol J age 
charge of the voltage which produced change with a charging curve discontinuous about all 
solid-state lithium secondary battery C by this invention, and considered as the fina voltage of 
Charge of the terminal voltage at the time of charging 24.6mAh about all solid-state lithium 

secondary battery D for comparison to it. . , . . .. , „ r 

[0109] Consequently, at all solid-state lithium secondary battery C in this invent,on ’ ^ e J a 
the service capacity accompanying a charge-and-discharge cycle was observed to grange of 
electric discharge quantity of electricity accompanying a charge-and discharge cycle hardly 
having been^ observed by all solid-state lithium secondary battery D constitute for comparison 
[0110] Next, except having set the direct-current voltage value of a battery c arger o . , 

is the same method as an example 1. and the charge-and-discharge cycle behavior at the time 
of a time change arising on charge voltage was investigated. • 

[0111] Consequently, at all solid-state lithium secondary battery C, most fa Is of the 
capacity accompanying a charge-and-discharge cycle had service capacity >°we r than the 
stage in all solid-state lithium secondary battery D to not having been observed, and the 
the service capacity accompanying a charge-and discharge cycle was observe u . 

[0112] According to this invention, it turns out that all the solid state lithium secondary 
batteries excellent in the charge-and-discharge cycle property are obtained as mentioned above. 

[01 1 3] It replaces with the aluminum used in the example 2 as matter in which a discontinuous 
change of the potential accompanying the insertion elimination reaction of the ^ h '^ '° n ^ the 
lithium ion site in the crystal structure is shown. (An example 3 - example 13) Exce J t 
used the matter shown in (Table 1), it was the same method as an example 2, and I all ^sol d s 
lithium secondary batteries were constituted, and the charge-and-d.sc^ 
the time of the time change on charge voltage arising was investigated in the charge and 
discharge cycle behavior row by the galvanostatic process like the example 2. In addition using 
what mixed these metals or an alloy, and solid electrolyte powder to 5:1 by the weight ratio, 
weighing capacity of the negative electrode was carried out to the weight of a publication, and . 
was used for (Table 1). In addition, the amount Q1 of the maximum desorption in which the 
insertkwi elimination reaction of the reversible lithium ion to a lithium cobalt ox.de occurs in each 
cell and the amount Q2 of insertion of a lithium ion until the potential of a negative electrode 
changes ^continuously to the insertion elimination reaction of the lithium ,on to each negative 
electrode were shown in Table 1 Inside. As for these cells. Q2 has the composition of being 

[oTuTconlequently. it turns out that there is no fall of the service capacity accompanying a 
charge-and-discharge cycle, and all the solid-state lithium secondary batteries that were 
extent in the chafge-and-discharge cycle property according to this invention are obtained. 

[0115] 

[Table 1] 
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[0116] (Example 14) Except having used the lead-indium alloy, it replaced with the indium used in 
the example 1 as matter in which a discontinuous change of the potential accompanying the 
insertion elimination reaction of the lithium ion to the lithium ion site in the crystal structure is 
shown, and it is the same method as an example 1, and all solid-state lithium secondary 
batteries were constituted, and the property was evaluated. The detail is shown below. 

[0117] The lead-indium alloy obtained the thing of composition of Pb-In by carrying out melting 
of what mixed the metal indium with metal lead to 1:1 by the mole ratio at 800 degrees C among 
an argon air current. 

[0118] By the same method as an example 1, it compounded and mixed, and weighing capacity of 
a lithium ion conductivity solid electrolyte and the lithium cobalt oxide was carried out, and they 
were made into the positive electrode of all solid-state lithium secondary batteries. 

[0119] As a negative-electrode material what mixed the end of a lead-indium alloy powder with 
solid electrolyte powder by the ratio of 1:5 by the weight ratio was used. lOOmg weighing 
capacity of this negative-electrode material was carried out, and it considered as the negative 
electrode of all solid-state lithium secondary batteries. 

[0120] The amount of insertion of the lithium ion from which the potential of a negative 
electrode changes discontinuously in the insertion reaction of the lithium ion to this negative 
electrode is [0121]. 

[Formula 15] 

Pb-ln + Li* + e' — Pb-In-Li 

[0122] It is [0123] to 6.94mAh(s) corresponding to ******, and a row. 

[Formula 16] 

Pb-In + SLi* + 3 e' — Pb-In-Li. 

[0124] They are 20.18mAh(s) corresponding to ******. What mixed LiCo02 obtained in the 
example 1 and the ground solid electrolyte by the ratio of 6:4 by the weight ratio as a positive- 
electrode material was used. 91 mg weighing capacity of this positive-electrode material was 
carried out, and all solid-state lithium secondary battery E consisted of the same methods as an 
example 1. Moreover, 304mg weighing capacity of the positive-electrode material was carried 
out, and all solid-state lithium secondary battery F was constituted similarly. 

[0125] In all these solid-state lithium secondary batteries, by all solid-state lithium secondary 
battery E corresponding to the reaction of (** 8) in the amount of the maximum desorption of 
the lithium ion in which the insertion elimination reaction of the reversible lithium ion to a lithium 
cobalt oxide occurs, in 7.5mAh(s) and all solid-state lithium secondary battery F, it is 25mAh(s), 
and the potential of a negative electrode has respectively the composition of or (** 1 5) (** 1 6) 
changing discontinuously, and becoming size compared with the amount of insertion of the 
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lithium ion corresponding to a reaction. 

[0126] Thus, the charge-and-discharge cycle behavior at the time of the time change on charge 
voltage arising was investigated in the charge-and-discharge cycle behavior row by the 
galvanostatic process like the example 1 using all the constituted solid-state lithium secondary 
batteries. 

[0127] Consequently, it turns out that there is no fall of the service capacity accompanying a 
charge-and-discharge cycle, and all the solid-state lithium secondary batteries that were 
excellent in the charge-and-discharge cycle property according to this invention are obtained. 
[0128] (Example 15) Except having used the lithium titanic-acid ghost, it replaced with the 
indium used in the example 1 as matter in which a discontinuous change of potential is shown in 
connection with the insertion elimination reaction of the lithium ion to the lithium ion site in the 
crystal structure, and it is the same method as an example 1, and all solid-state lithium 
secondary batteries were constituted, and the property was evaluated. The detail is shown 
below. 

[0129] First the lithium titanic-acid ghost was compounded by the following method. As a start 
material, a lithium hydroxide (LiOH) and titanium oxide (Ti02) were used. First a lithium 
hydroxide and titanium oxide carried out weighing capacity mixture so that it might be set to 
Li:Ti=4:5. Pressing of this mixture was carried out to the shape of a pellet and the lithium 
titanic-acid ghost expressed with Li4 / 3Ti5 / 304 was obtained by heating at 900 degrees C 
among air for 20 hours. 

[0130] By the same method as an example 1, it compounded and mixed, and weighing capacity of 
a lithium ion conductivity solid electrolyte and the lithium cobalt oxide was carried out and they 
were made into the positive electrode of all solid-state lithium secondary batteries. 

[0131] What mixed with solid electrolyte powder the lithium titanic-acid ghost obtained by the 
above by the ratio of 2:3 by the weight ratio as a negative-electrode material was used. 209mg 
weighing capacity of this negative-electrode material was carried out, and it considered as the 
negative electrode of all solid-state lithium secondary batteries. 

[0132] Thus, all solid-state lithium secondary battery G consisted of the same methods as an 
example 1 using the positive electrode and negative electrode which were obtained. The amount 
of insertion of a lithium ion until the amounts of the maximum desorption in which the insertion 
elimination reaction of the reversible lithium ion to a lithium cobalt oxide occurs are 24.6mAh(s) 
like an example 1 in all these solid-state lithium secondary battery G and the potential of a 
lithium titanic-acid ghost changes discontinuously to it in the insertion elimination reaction of 
the lithium ion to a lithium titanic-acid ghost is [0133]. 

[Formula 17] 

L 1 i/iT i i/iOj t Li + + © ^ L, i r/aT i s/aOa 

[0134] It corresponds to ******. It is 22mAh. Therefore, this cell has the composition that the 
amount of insertion of a lithium ion until the potential of the matter in which a discontinuous 
change of the potential accompanying the insertion elimination reaction of a lithium ion is shown 
changes discontinuously to the amount of the maximum desorption of the lithium ion which 
causes insertion desorption of the reversible lithium ion of a lithium transition-metals oxide is 
smallness. 

[0135] All solid-state lithium secondary battery H consisted of the same methods as the above 
except having set the weight of a negative electrode to 518mg continuously for comparison. In 
this cell, the amounts of insertion of a lithium ion until the potential of a lithium titanic-acid 
ghost changes discontinuously are 44mAh(s), and the amount of insertion of a lithium ion until 
the potential of the matter in which a discontinuous change of the potential accompanying the 
insertion elimination reaction of a lithium ion is shown changes discontinuously to the amount of 
the maximum desorption of the lithium ion which causes insertion desorption of the reversible 
lithium ion of a lithium transition-metals oxide has composition which is size. 

[0136] Thus, the same charge and discharge test as an example 1 was performed using all the 
constituted solid-state lithium secondary batteries. However, about all solid-state lithium 
secondary battery G by this invention, the charging curve made the final-voltage value of charge 
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the final voltage of charge of the voltage which produced a discontinuous change. About all 
solid-state lithium secondary battery H for comparison, it considered as the final voltage of 

charge of the terminal voltage at the time of charging 24.6mAh to. t. 

[0137] Consequently, at all solid-state lithium secondary battery G in this invention, the fal 
the service capacity accompanying a charge-and-discharge cycle was observed to ' change o 
electric discharge quantity of electricity accompanying a charge-and discharge cycle hard y 
having been observed by all solid-state lithium secondary battery H constituted for comparison 
[0138] Next, except having set the direct-current-voltage value of a battery charger to 3^2 1 . 

is the same method as an example 1, and the charge-and-d.scharge cycle behavior at the time 

of a time change arising on charge voltage was investigated. 

[0139] Consequently, at all solid-state lithium secondary battery G. most fal s service 

capacity accompanying a charge-and-discharge cycle had service capacity lower *\ a " th ® 
stage in all solid-state lithium secondary battery H to not having been observed, and the fall of 
the service capacity accompanying a charge-and-discharge cycle was observed further. 

[0140] According to this invention, it turns out that all the solid-state lithium secondary 
batteries excellent in the charge-and-discharge cycle property are obtained as mentioned above. 

[0141] (Example 16) Except having used 2 titanium sulfides, it replaced with the indium used in 
the example 1 as matter in which a discontinuous change of the potential accompanying the 
Lerton elimination reaction of the lithium ion to the lithium ion site in the crystal structure ,s 
shown, and it is the same method as an example 1, and all solid state lithium secondary 
batteries were constituted, and the property was evaluated. The detail is shown below. 

[0142] 2 titanium sulfides (TiS2) made sulfur and titanium metal start material, and compound 

[0^ 433* By" the same method as an example 1, it compounded and mixed, and weighing oapacfty ot 
a lithium ion conductivity solid electrolyte and the lithium cobalt ox.de was carried out, and y 
were made into the positive electrode of all solid-state lithium secondary batteries. 

[01 44] What mixed with solid electrolyte powder the 2 titanium-sulfide ox.de obtained by the 
above by the ratio of 2:3 by the weight ratio as a negative-electrode material was used 1 53 g 
weighing capacity of this negative-electrode material was carried out, and it considered as th 
negative electrode of all solid-state lithium secondary batteries. 

[0145] Thus all solid-state lithium secondary battery I consisted of the same methods as an 
example 1 using the positive electrode and negative electrode which were obtained The an^unt 
of insertion of a lithium ion until the amounts of the maximum desorption in which th ® ’ ns *^" 
elimination reaction of the reversible lithium ion to a lithium cobalt ox.de occurs ■ are 24 Ji ™ 
like an example 1 in all these solid-state lithium secondary battery I and the potentia o 
titanium sulfides changes discontinuously in the insertion elimination reaction of the lithium ion 

to 2 titanium sulfides to it is [0146]. 

[Formula 18] 

TiS, + Li* + e' — LiTiS, 

[0147] They are 22mAh(s) corresponding to ******. Therefore, this cell has the composition 
that the amount of insertion of a lithium ion until the potential of the matter in w ^h a 
discontinuous change of the potential accompanying the insertion elimination reaction 0 
Em on is shown changes discontinuously to the amount of the maximum desorption of the 
toil ion which causes fnsertien desorption of the reversible lithium ion of a Irth.um transrbon- 

[0148] Ah' solid-state 1 Mthium secondary battery J consisted of the same methods as the above 
except having set the weight of a negative electrode to 306mg continuously for comparison. In 
this cell the amounts of insertion of a lithium ion until the potential of a lithium titanic aci 
ghost changes discontinuously are 44mAh(s), and the amount of insertion of a lithium ion until 
the potential of the matter in which a discontinuous change of the potential accompanying t e 

Isarbon e, fminat.cn reacticn cf a lithium icn is shewn * 

the maximum desorption of the lithium ion which causes insertion desorption of the reversible 
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lithium ion of a lithium transition-metals oxide has composition which is size. 

[0149] Thus, the same charge and discharge test as an example 1 was performed using all the 
constituted solid-state lithium secondary batteries. However, about all solid-state lithium 
secondary battery I by this invention, the charging curve made the final-voltage value of charge 
the final voltage of charge of the voltage which produced a discontinuous change. About all 
solid-state lithium secondary battery J for comparison, it considered as the final voltage of 
charge of the terminal voltage at the time of charging 24.6mAh to it. 

[0150] Consequently, at all solid-state lithium secondary battery [ in this invention, the fall of the 
service capacity accompanying a charge-and-discharge cycle was observed to change of 
electric discharge quantity of electricity accompanying a charge-and-discharge cycle hardly 
having been observed by all solid-state lithium secondary battery J constituted for comparison. 
[0151] Next, except having set the direct-current-voltage value of a battery charger to 2.5V, it 
is the same method as an example 1, and the charge-and-discharge cycle behavior at the time 
of a time change arising on charge voltage was investigated. 

[0152] Consequently, at all solid-state lithium secondary battery I, most falls of the service 
capacity accompanying a charge-and-discharge cycle had service capacity lower than the first 
stage in all solid-state lithium secondary battery J to not having been observed, and the fall of 
the service capacity accompanying a charge-and-discharge cycle was observed further. 

[0153] According to this invention, it turns out that all the solid-state lithium secondary 
batteries excellent in the charge-and-discharge cycle property are obtained as mentioned above. 

[0154] (Example 17) It replaced with the lithium cobalt oxide expressed with LiCo02 used in the 
example 1 as a positive active material, and all solid-state lithium secondary batteries were 
constituted using the lithium nickel oxide expressed with LiNi02. The detail is shown below. 
[0155] First, nickel oxide (NiO) and the lithium hydroxide were mixed and LiNi02 was 
compounded by heating at 800 degrees C among the atmosphere. 

[0156] Thus, obtained LiNi02 was ground, and it mixed by the ratio of 3:2 by the solid electrolyte 
and weight ratio which were obtained in the example 1, and considered as positive-electrode 
material. Thus, all solid-state lithium secondary battery K consisted of the same methods as an 
example 1 except having made what carried out 300mg weighing capacity of the obtained 
positive-electrode material into the positive electrode. 

[0157] The amount of the maximum desorption in which the insertion elimination reaction of the 
reversible lithium ion to a lithium cobalt oxide occurs in all these solid-state lithium secondary 
batteries is [0158]. 

[Formula 19] 

LiNiOs — * L i o. bN i O 2 + 0. 5 L i * + 0. 5 e' 

[0159] It is 24.7mAh(s) corresponding to ****** and the amounts of insertion of a lithium ion 
until the potential of an indium changes discontinuously to the insertion elimination reaction of 
the lithium ion to an indium to it are 22.2mAh(s) corresponding to a reaction of that it is the 
same as that of an example 1 (** 3). Therefore, this cell has the composition that the amount of 
insertion of a lithium ion until the potential of the matter in which a discontinuous change of 
potential is shown in connection with the insertion elimination reaction of a lithium ion changes 
discontinuously to the amount of the maximum desorption of the lithium ion which causes 
insertion desorption of the reversible lithium ion of a lithium transition-metals oxide is smallness. 

[0160] All solid-state lithium secondary battery L consisted of the same methods as the above 
except having set the weight of an indium foil to 190mg continuously for comparison. In this cell, 
the amounts of insertion of a lithium ion until the potential of an indium changes discontinuously 
are 44.4mAh(s), and the amount of insertion of a lithium ion until the potential of the matter in 
which a discontinuous change of potential is shown in connection with the insertion elimination 
reaction of a lithium ion changes discontinuously to the amount of the maximum desorption of 
the lithium ion which causes insertion desorption of the reversible lithium ion of a lithium 
transition-metals oxide has composition which is size. 
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[0161] Thus, the same charge and discharge test as an example 1 was performed using a t 
constituted solid-state lithium secondary batteries. However, about all solid state lithiurn 
secondary battery K by this invention, the charging curve made the final voltage value o c arge 
the final voltage of charge of the voltage which produced a discontinuous change. About a 
solid-state lithium secondary battery L for comparison, it considered as the final voltage o 

charge of the terminal voltage at the time of charging 24.6mAh to it. 

[0162] Consequently, at all solid-state lithium secondary battery K in this invention, the fa 
the service capacity accompanying a charge-and-discharge cycle ""*™**^^ 
electric discharge quantity of electricity accompanying a charge-and discharge cycle hardly 
having been observed by all solid-state lithium secondary battery L constituted for comparison. 
r0163l Next except having set the direct-current-voltage value of a battery charger to 3.5V, it 
fs th« same'Sd a* a/.xample 1. and the char e e-and-dischar g . cycle b.hav,cr at the tune 
of a time change arising on charge voltage was investigated. 

[0164] Consequently, at all solid-state lithium secondary battery K, most falls of the se ™ c ® 
capacity accompanying a charge-and-discharge cycle had service capacity lower ^than i the first 
stage in all solid-state lithium secondary battery L to not having been observed and the fall of 
the service capacity accompanying a charge-and-discharge cycle was observed further. 

[0165] According to this invention, it turns out that all the solid-state lithium secondar * 
batteries excellent in the charge-and-discharge cycle property are obtained as mentioned a 

[0166] (Example 18) It replaced with the lithium cobalt oxide expressed with LiC°02 used in the 
example 1 as a positive active material, and all solid-state lithium secondary batte-s we ire 
constituted using the lithium manganic acid ghost expressed with L.Mn 204. The detail 

[0167] LiMn 204 mixed manganese acetate (Mn2 (CH3COO)) with the lithium carbonate 
(Li2C03), and compounded it by heating at 750 degrees C among the atrnosphere 
[0168] Thus, obtained LiMn 204 was ground, acetylene black was mixed by the ratio of 3.1.9. . 
by the weight ratio as electronic electric conduction material to the solid electrolyte and pan 
which were obtained in the example 1, and it considered as positive-electrode material. 7^®’ 
solid-state lithium secondary battery M consisted of the same methods as an example 1 except 
having made what carried out 432mg weighing capacity of the obtained positive-electrode 

S^f-The 1 amount of the maximum desorption in which the insertion ehminahon reachon of the 
reversible lithium ion to a lithium manganic acid ghost occurs in all these solid state lithium 
secondary battery M is [0170]. 

[Formula 20] 

LiMn»0« — Lu.isMn.Oi + 0. 65Li + 0. 65c 

[0171] It is 25 OmAh(s) corresponding to ******, and the amounts of insertion of a lithium ion 
until the potential of an indium changes discontinuous* to the insertion el.m, nation reaction of 
the lithium ion to an indium to it are 22.2mAh(s) corresponding to a reaction of that it is the 
same as that of an example 1 (** 3). Therefore, this cell has the composition that the amount of 
insertion of a lithium ion until the potential of the matter in which a discontinuous changeof 
potential accompanying the insertion elimination reaction of a lithium ion is shown changes 
discontinuous* to the amount of the maximum desorption of the lithium ion wh.cf 'causes 
insertion desorption of the reversible lithium ion of a lithium transit, on-metals oxide ,s smallness. 

[0172] All solid-state lithium secondary battery N consisted of the same methods as the above 
exceDt having set the weight of an indium foil to 190mg continuously for comparison. In this ce l, 
the amounts of insertion of a lithium ion until the potential of an indium changes discontinuous^ 
are 44 4mAh(s), and the amount of insertion of a lithium ion until the potential of the ™ att ®^ 
which a discontinuous change of potential is shown in connection with the insertion ® l ^'" atl ° n 
reaction of a lithium ion changes discontinuous* to the amount of the maximum desertion 
the lithium ion which causes insertion desorption of the reversible lithium ion of a lithium 
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transition-metals oxide has composition which is size. 

[01 73] Thus, the same charge and discharge test as an example 1 was performed using all the 
constituted solid-state lithium secondary batteries. However, about all solid-state lithium 
secondary battery M by this invention, the charging curve made the final-voltage value of charge 
the final voltage of charge of the voltage which produced a discontinuous change. About all 
solid-state lithium secondary battery N for comparison, it considered as the final voltage of 
charge of the terminal voltage at the time of charging 24.6mAh to it. 

[0174] Consequently, at all solid-state lithium secondary battery M in this invention, the fall of 
the service capacity accompanying a charge-and-discharge cycle was observed to change of 
electric discharge quantity of electricity accompanying a charge-and-discharge cycle hardly 
having been observed by all solid-state lithium secondary battery N constituted for comparison. 
[0175] Next, except having set the direct-current-voltage value of a battery charger to 3.65V, it 
is the same method as an example 1, and the charge-and-discharge cycle behavior at the time 
of a time change arising on charge voltage was investigated. 

[0176] Consequently, at all solid-state lithium secondary battery M, most falls of the service 
capacity accompanying a charge-and-discharge cycle had service capacity lower than the first 
stage in all solid-state lithium secondary battery N to not having been observed, and the fall of 
the service capacity accompanying a charge-and-discharge cycle was observed further. 

[01 77] According to this invention, it turns out that all the solid-state lithium secondary 
batteries excellent in the charge-and-discharge cycle property are obtained as mentioned above. 

[0178] (Example 19) Except having used the noncrystalline-solid electrolyte which replaces with 
0.01Li3P04-0.63Li2S-0.36SiS2 obtained in the example 1 as a lithium ion conductivity inorganic 
solid electrolyte, and is expressed with 0.05Li20-0.57Li2S-0.38SiS2, like the example 1, all solid- 
state lithium cells were constituted and the property was evaluated. Below, the detail is shown. 
[0179] Weighing capacity mixture of the ************** was carried out at a rate of 57:38:5 by 
the mole ratio at the sulfuration lithium, the silicon sulfide, and the row. The crucible made from 
a glassy carbon was filled up with this mixture, and it fused at 1000 degrees C in the nitrogen 
gas air current for 2 hours. The lithium ion conductivity solid electrolyte was obtained by super- 
quenching this melt with a congruence roller like an example 1. 

[0180] Thus, using the obtained lithium ion conductivity solid electrolyte, all the solid-state 
lithium secondary batteries for comparison with all the solid-state lithium secondary battery 
rows by this invention using the same indium **** as an example 1 were constituted, 
respectively, and the same charge and discharge test as an example 1 was performed. 

[0181] Consequently, with all the solid-state lithium secondary batteries in this invention, the fall 
of the service capacity accompanying a charge-and-discharge cycle was observed with all the 
solid-state lithium secondary batteries constituted for comparison to change of electric 
discharge quantity of electricity accompanying a charge-and-discharge cycle hardly having been 
observed. 

[0182] Next, the charge-and-discharge cycle behavior at the time of a time change arising was 
investigated on charge voltage by the same method as an example 1. 

[01 83] Consequently, to most falls of the service capacity accompanying a charge-and- 
discharge cycle not having been observed, with all the solid-state lithium secondary batteries for 
comparison, service capacity was lower than the first stage, and the fall of the service capacity 
accompanying a charge-and-discharge cycle was further observed with all the solid-state lithium 
secondary batteries in this invention. 

[0184] According to this invention, it turns out that all the solid-state lithium secondary 
batteries excellent in the charge-and-discharge cycle property are obtained as mentioned above. 

[01 85] (Example 20) In this example, are used as a positive active material like an example 1 . The 
lithium cobalt oxide expressed with LiCo02 as a lithium transition-metals oxide which produces 
the reversible electrochemical insertion elimination reaction of the lithium ion to the lithium ion 
site in the crystal structure As matter in which a discontinuous change of potential is shown in 
connection with the insertion elimination reaction of the lithium ion to the lithium ion site in the 
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crystal structure, an indium Using the noncrystalline-solid electrolyte expressed with 
0.01Li3P04-0.63Li2S - 0.36SiS2 as a lithium ion conductivity solid electrolyte, the battery was 
constituted and the property was evaluated The detail is shown below. 

[0186] First, the composition of the unit cell which constitutes a battery for the cross section of 
the battery in this example in drawing 7 is shown in (Table 2). 

[0187] 

[Table 2] 











IE* 


mm 


41 




j£« 


Mm 


Q1 


42 




(■g) 


(ag) 


(mAh) 


(mAh) 


(mg) 




(mAh) 


(mAh) 


SI 


150 


50 


12-3 


11.7 


150 


50 


12.3 


11.7 


S2 


150 


50 








70 


12.3 


16.3 


S3 


150 


50 


12.3 






50 


9.9 


11-7 


S4 


120 


50 


9.9 


11-7 


120 


50 


9.9 


n.T 



[01 88] 7 and 8 are unit cells (ii) among drawing 7 at the unit-cell (i) row which showed 
composition in (Table 2). These two unit cells were connected in series by the connector 9, and 
it put into the cell container 10 made from stainless steel, and sealed with the lid 12 made from 
stainless steel through the insulating gasket 1 1 , and a battery SI - S4 were constituted. 

[0189] in addition, the amount Q1 of the maximum desorption from which the insertion 
elimination reaction of the reversible lithium ion to a lithium cobalt oxide occurs in a positive- 
electrode row in the weight of a negative electrode, and each unit cell in T able 2 inside — 
namely, (** 8), quantity of electricity corresponding to a reaction and the amount Q2 of insertion 
of a lithium ion until the potential of an indium changes discontinuously to the insertion 
elimination reaction of the lithium ion to an indium — that is, (** 3), quantity of electricity 
corresponding to a reaction was shown collectively 

[0190] In the battery SI, the amount Q2 of insertion of a lithium ion until the potential of the 
matter in which a discontinuous change of potential is shown in connection with the insertion 
elimination reaction of a lithium ion changes discontinuously to the amount Q1 of the maximum 
desorption of the lithium ion from which a unit cell (i) and (ii) start insertion desorption of the 
reversible lithium ion of a lithium transition-metals oxide has composition which is smallness, and 
it has become the battery which fulfills the conditions of this invention. Moreover, also in the 
battery S2, the unit cell with a small capacity (i) has composition of Q1>Q2 between two unit 
cells, and it has become the battery which fulfills the conditions of this invention. 

[0191] To these batteries, the unit cell with a small capacity (ii) has composition of Q1<Q2, and 
any unit cell has composition of Q1<Q2, and neither fills the conditions of this invention with 
battery S4 at a battery S3. 

[0192] The following charge-and-discharge cycle examination was performed using these 
batteries. These cells were charged by the constant current of 250microA. in addition, the 
charge end voltage of a cell — (1) — when quantity of electricity corresponding to the reaction 
for which the lithium cobalt oxide in the positive electrode of one of unit cells serves as 
composition of Li0.5CoO2 flowed and a discontinuous change arose in the charging curve at the 
time of (2) charge, it considered as the voltage which either produced among the conditions of 

[0193] Moreover, the discharge current was also set to 250microA and electric discharge end 
voltage was set to 4.5V. When the charge-and-discharge cycle examination of these batteries 
was performed on the above-mentioned charge-and-discharge conditions, at batteries SI and 
S2, the remarkable fall of the charge-and-discharge capacity accompanying a charge-and- 
discharge cycle was observed by the battery S3 and S4 to change of the charge-and-discharge 
behavior accompanying a charge-and-discharge cycle not having been observed. 

[0194] The charge-and-discharge cycle behavior at the time of next a time change arising on 
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charge voltage by the following methods was investigated. 

[0195] First, the power supply which generates the voltage which superimposed amplitude 0.1V 
and alternating voltage with a frequency of ImHz on the voltage equivalent to the charge end 
voltage determined as a battery charger in the charge-and-discharge cycle examination by the 
above-mentioned constant current was used. Each battery was charged with this battery 
charger for 50 hours, and the charge-and-discharge cycle examination which discharges to 4.5V 
by the constant current of 250microA was performed after that 

[0196] Consequently, at batteries SI and S2, most falls of the service capacity accompanying a 
charge-and-discharge cycle had service capacity lower than the first stage in a battery S3 and 
S4 to not having been observed, and the fall of the service capacity accompanying a charge- 
and-discharge cycle was observed further. 

[0197] According to this invention, it turns out that the battery excellent in the charge-and- 
discharge cycle property is obtained as mentioned above. 

[0198] (Example 21) In this example, the volume change of an electrode active material 
investigated about the influence affect a charge-and-discharge cycle property. In other 
examples, although all solid-state lithium secondary batteries were constituted from obturating 
all the really fabricated solid-state lithium secondary battery pellets in a coin cell case, the 
property of the cell which enclosed all solid-state lithium secondary battery pellets into 
lamination material here was investigated. 

[0199] All the same solid-state lithium secondary battery pellets as all solid-state lithium 
secondary battery G of an example 1 5 were fabricated as a negative-electrode active material, 
using LiCo02 as L»4 / 3Ti5 / 304, and a positive active material. The mesh made from stainless 
steel which carried out spot welding of the lead made from stainless steel was made to stick to 
each positive/negative pole of all the fabricated solid-state lithium secondary battery pellets by 
pressure as a charge collector, and it considered as the electrode terminal. This was enclosed 
with the film which laminated the polyethylene sheet in the stainless steel foil, and was set to all 
solid-state lithium secondary battery O. 

[0200] For comparison, it continued, and aluminum was used as a negative-electrode active 
material, LiCo02 was used as a positive active material, all the same solid-state lithium 
secondary battery pellets as all solid-state lithium secondary battery C of an example 2 were 
fabricated, and all solid-state lithium secondary battery P was constituted like all solid-state 
lithium secondary battery O. 

[0201] Thus, the respectively same charge and discharge test as all solid-state lithium 
secondary battery G of an example 15 and all solid-state lithium secondary battery C of an 
example 2 was performed using all the constituted solid-state lithium secondary batteries. 

[0202] Consequently, in all solid-state lithium secondary battery P from which change of electric 
discharge quantity of electricity accompanying a charge-and-discharge cycle constituted all 
solid-state lithium secondary battery O in this invention to hardly having been observed for 
comparison, service capacity was small to an early charge capacity, and the fall of the service 
capacity accompanying a charge-and-discharge cycle was observed. 

[0203] As a cause that a good cell property was not acquired by all solid-state lithium secondary 
battery P, since the case of all solid-state lithium secondary batteries was changed into the 
laminate film, when it contains in a cell case, the pressure from the case where it had joined the 
cell pellet becomes a small thing, and it is considered because the junction between the cell 
components accompanying the volume change of an active material became is easy to be lost. 
[0204] According to this invention, it turns out that all the solid-state lithium secondary 
batteries excellent in the charge-and-discharge cycle property are obtained as mentioned above. 

[0205] in addition, in the example of this invention, as matter in which a discontinuous change of 
the potential accompanying the insertion elimination reaction of the lithium ion to the lithium ion 
site in the crystal structure is shown Although only all the solid-state lithium secondary 
batteries that used an indium, aluminum, a lead-indium alloy, a lithium titanic-acid ghost, 2 
titanium sulfides, etc. were explained Transition-metals oxides, such as other metals or an alloy, 
Mn02, W03 and W02, and V205, It cannot be overemphasized that the effect that it is the same 
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when transition-metals sulfides, such as MoS2, NbS2, and V2S4, or a multiple oxide is used is 
acquired, this invention It is not limited to what explained in these examples as matter in which a 
discontinuous change of the potential accompanying the insertion elimination reaction of the 
lithium ion to the lithium ion site in the crystal structure is shown. 

[0206] moreover, as a lithium transition-metals oxide which produces the reversible 
electrochemical insertion elimination reaction of the lithium ion to the lithium ion site in the 
crystal structure used for a positive electrode in the example of this invention Although only the 
thing using the lithium cobalt oxide, the lithium nickel oxide, and the lithium manganic acid ghost 
was explained In addition, a lithium ferric acid ghost, a lithium nickel cobalt oxide, a lithium nickel 
banazin-san ghost, It cannot be overemphasized that the effect that it is the same when the 
lithium transition-metals oxide which did not explain in the examples of this invention, such as a 
lithium manganese chromic-acid ghost, is used is acquired, this invention It is not limited to what 
explained in these examples as a lithium transition-metals oxide which produces the reversible 
electrochemical insertion elimination reaction of the lithium ion to the lithium ion site in the 
crystal structure used for a positive electrode. 

[0207] In the example of this invention moreover, as a lithium ion conductivity inorganic solid 
electrolyte Although the lithium ion conductivity noncrystalline-solid electrolyte of 0.01U3P04- 
0.63Li2S-0.36SiS2 and 0.05Li20-0.57Li2S-0.38SiS2 was explained The thing containing other 
sulfides which did not explain in the examples, such as that from which each component ratio of 
these solid electrolytes differed, Li2 S-GeS2, Li2 S-P2S5, and U2S-B2S3 The thing containing 
other lithium halides, such as LiCI— Li2 S-SiS2 and LiBr-Li2 S-P2S5 Moreover, the thing of 
pseudo-4 yuan systems, such as LiHJ2 S-SiS2-P2S5 and LiI-Li3P04-Li2 S-S1S2 Or the thing 
which made the oxide the subject, Or Li3N It cannot be overemphasized that the same effect is 
acquired even if it uses the lithium ion conductivity inorganic solid electrolyte of the crystalline 
substance which did not explain in the examples, such as Li1.3Sc0.3Ti1.7(PO4) 3 and 
Li0.2La0.6TiO3. this invention is not limited to what explained in these examples as a lithium ion 
conductivity inorganic solid electrolyte. 

[0208] Moreover, although only what constituted two unit cells which are all solid-state lithium 
secondary batteries in the same cell container at the series connection was explained in the 
example of this invention In addition, what connected many unit cells further, the thing which has 
the composition of parallel connection, What connected all the solid-state lithium secondary 
batteries constituted in the container in series or in parallel, [ two or more ] Or it cannot be 
overemphasized that the same effect is acquired also in the thing linked to other rechargeable 
batteries, such as a thing linked to the lithium secondary battery using the organic-solvent 
electrolyte and a nickel-cadmium battery. 

[0209] 

[Effect of the Invention] or [ that the amount of insertion of a lithium ion until the potential of 
the matter in which a discontinuous change of the potential accompanying the insertion 
elimination reaction of a lithium ion is shown to the amount of the maximum desorption of the 
lithium ion which causes insertion desorption of the reversible lithium ion of a lithium transition- 
metals oxide according to this invention changes discontinuously as mentioned above is equal ] - 
- or all the solid-state lithium secondary batteries excellent in the charge-and-discharge cycle 
property were able to be obtained by considering as the composition which is smallness 
[0210] Moreover, according to this invention, the battery excellent in the charge-and-discharge 
cycle property was able to be obtained by using all the above-mentioned solid-state lithium 
secondary batteries as a unit cell which has the minimum capacity at least. 

[0211] Moreover, according to this invention, the charge-and-discharge cycle property of all 
solid-state lithium secondary batteries should be excelled by charging these cells that produce a 
discontinuous voltage change on voltage V2 from voltage VI less than [ voltage V2 ] to charge 
quantity of electricity. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) Drawing having shown change of the single electrode potential of the positive 
electrode explaining the working principle of all the solid-state lithium secondary batteries in this 
invention, and a negative electrode 

(b) Drawing having shown change of the electromotive force of cell explaining the working 
principle of all the solid-state lithium secondary batteries in this invention 
[Drawing 2] (a) Drawing having shown change of the single electrode potential of the positive 
electrode explaining the working principle of all the solid-state lithium secondary batteries of the 
example of comparison, and a negative electrode 

(b) Drawing having shown change of the electromotive force of cell explaining the working 
principle of all the solid-state lithium secondary batteries of the example of comparison 
[Drawing 3l The cross section of all the solid-state lithium secondary batteries in one example 
of this invention 

[Drawing 4l Drawing having shown the charging curve of all the solid-state lithium secondary 

batteries in the example of comparison in the one example row of this invention 

[Drawing 51 Drawing having shown the charge-and-discharge cycle property of all the solid-state 

lithium secondary batteries in the example of comparison in the one example row of this 

invention 

[Drawing 6] Drawing having shown the charge-and-discharge cycle property of all the solid-state 
lithium secondary batteries in the example of comparison in the one example row of this 
invention 

[Drawing 7] The cross section of the battery in one example of this invention 
[Description of Notations] 

1 Positive Electrode 

2 Solid Electrolyte Layer 

3 Negative Electrode 

4 Cell Container 

5 Gasket 

6 Lid 

7 Unit Cell (l) 

8 Unit Cell (li) 

9 Connector 

10 Cell Container 

11 Gasket 

12 Lid 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DRAWINGS 



fDrawing 1] 

(a) 

x in Li,_ x Co0 2 




(b) 



4 




<v> ,1 



o u 







[Drawing 2] 
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ALfctflgi&oXl'Sftfex C 0 O 2 IFIJ:!) y^? 

ri'5„ b<75^^^-7-i C oOzJlrtO^il-f-i 

S^yhisttS o *<OJ&fcx 

K3MHi*4>u -e 

ni’jttLt, ^@fty Ar.&®ftWft:}oi^x(ix x 

so 

ftrofcsA m'1 E 

ii:<t y imm-vx 9 /t4Wk&W£t>ti*?-t\>\ 

[0 0 5 0] .LUiCTlSfti y . ®$? 

R fc LT y 5 1 £ A-r 

ft; y * ^ a - »:m«uci3v 'f mm* trot**. 

[00 5 1] Sfc, y 

fix 

k-tZ>bv>KJ:%l£tiZ> 0 mmMft+it&WZlE.ftt-r 
6 to fix BTfflSJt bt^r»SIKS:-R«-UT«y, CCD 

4-T5„ Lfc^or, y ^ [ 7 a •< xf >&3mmftWMn 
i im «^-a-^©t©^ffii.'fc^@fry^!y^- 
WBJ&ftfcv'Xx 
5o 

[ 0052 ] $e>i-x 
J'fi*tt0ft:«j|«i: LXfi, 

±@ft y 

#ft#1t&®n-fctOtw-f-5wi:!65T*#5o ZOTztb, *S 

Xlix LX«ftft!&£±ft so 
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ki-z&M>n<obmmiz#£i.< m'btiz. ztib 
fix tf7*M&MZft^mit®>b'*im'<*>X’hz>'J=? 
V A-r 5 tztb <nmt y ^ ? 

^.ois-g-^^x flsa-e^SBkS^ftJfii-sr t-e#e>#ts 
^x <p r-tWky^^Ax mt*-'fmi:±itk-t&<Mf 

Sr Sltt5^g^j:<> 

£fS Lo\ 

[0 0 5 3] J: 12 7? fix Ig&ffiii'f’© y^*A>T ;*-:✓•?- 

wt LXx -c a^s^h 
-f y v? ■> A - y ^ ? AA-&&#] \z& y &93 £ff o tz UK 
^<nmx<Di:b^m^-r^t Lt«x 
t) l & Ifbtlho 

[0 0 5 4] i-fx &JR5£5Rfiol/>r8ftWi*5. TciflSE 
tMeX-i^Miltffly f^Ai - hxx©i| 
^lyAxfaJ-y'roffARJCSr-feWf- (ft; 7) X'Srfix 
Mei 57 /K = 7 i» 0 ^ x — 1 . Otfi&XWMti 

0. 3 5 V;Xt OVfiifi^cD^iSjjt&^ft&ftCS. X 
ra^tiOx ±ICT*SftB^Srffo7c-< ^-^^AlcftiATx 
r/v$ = ^A4rfflv>fc^tf^«l<7)^)*4»SifciJS-C 
# 6 0 

[0 0 5 5] 

[ft 7] 

Me + xL i * + x e ” -» Me— Li. 

[0 0 5 6] ^(OmtDMe b LXtix fa<7>#A-ftfi x = 
2. OftiiV'-Cx t'^^®^Ht)X=2. Ox Tfy 
^^W^-ft|4x = 2. 5, tf<J >7AC0#-a-ft|ix = 

1. Ox ^XO^a-(Ctx = l. OT'x *igii£ft«{£cD 

^ft«rftC5. ^ftx «x ^xf ^x ffiiSx *FS^Ax 
St*, ■m'teifb'JT-trA'fa-xni fARftftiy^F 
®^®{iro^ft^ftber ir^tx 
i/'fc4frg-tftJ«®S&*:Sr^5r.tdS-C#5. 

[0 0 5 7] tf;, y 

t*v\ 

fix i izmm<vmmi*mmzmbi-5i£xx> y 

^■yA^^-vcOffASi LTx 

^ftSrftC^ifAS&fflV'Tt if'. 

[0 0 5 8] 0iJAt4x (ft7) ftiol/'AMeA^XcO^ 
-g-ftfix x=l. 0 (Tlfeftx x = 2. 3 x 2. 5 x 2. 

6 x 3. 5 x 4. 4 t£ b'Xi*'jgMt£mfcX>£it&£C 
5o Ltfot, iCoOzx 

Il:7X5rlf'fci@f(:y f 1 '? LX 

fix iEffiX- (ft 8) xm£tiZ>K&tf£. 

Sy^AWfl&gt&KttLXx Affix (ft 9) ftiJ5>X 

x=l. 0 i Lft^coSJC£:^ftL5roft*H£;-r?>y ^ 

!>A©]f Aa*L ^U'Xli/Kf5Mtt5rtX 

Affix- (ft 8) ftfc 

V'XX = 2 . 3 x 2. 5, 2. 6x 3. 5x 4. 4il 
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(7) 



#IS¥ 1 0- 1 44 3 5 1 



csoKttfSf 5 V rtr&com At 

UK ^L,^xiZ'}'tezmi&ti-zztx'bmm<v$hMz 

LiCoOs ■* Lii.iCoOi 

[0 0 6 01 

[lb 91 

Sn + x L i * + xe' -» Sn-L i, 

[0 0 6 1 ] ttz. - T ^ i ^ A , T / l ' Sr ^ A , ifi , tf 

rmx # y ? A , * x , m. X'fm. $ 
is, * ks.?a, utm. ^■?yx i om<-£ivz>m$tm<n& i 0 
JgytJU: 'Ot£Z>-&&<nm&\zi>^ -Ashley 

Ltlv'fci 

• s - tr *,, ramtcii^i trissctDm ^^ iSi ^ i -^ b-r 
5 i w ^ f ^ A>f ty©f Ali LT , I'-ftvDmiS: 
n^mm.t£mt&£.cz%iA&£m\ / 'xb£i'\ 

[oo6 2] ttz. ±m frftx. 

In-Lii. i + yL i * -+■ 

[0 0 6 51 £l±c0J:5/ii 'fegkm&'W <J J±4 

i ft 9 , *®iiftX^»jBTtg&£@{$: y f ? A -^®?S.Sr 
ao a *, igraWig ^ wy ^^ 
h ^ y ^^ A ^^- xoifASftgiKr&irt 

t > & v fo 5 i y 

A^AO-g-^i LXI4, X^v^Afc-si^n-C/ 5?pA 

- y u 

[0066] tfc. IfeMifflxktyX)]) t"?? A 4 ’ h 30 

^O y ^ £ A 4 A^olf AMlRfSl ;: ir t '®/#OA 
i M10tte£1t&7r:-t&mbZl'IZ&mb ')=5-'}J±C0'&&(D 
I PT-k &M7uMt LXT/i'$-pJ>.£:ffli'fzt§-&. T 

a ? a t s, 

t - oAtf >, h-©yf 

? A 4 " Xvojf AlftBtBOSA t 

y ^ AO - g-^t l _ XI 4 , 





L i */% T i t/i 0 * -f 


iL i 1 


*f 


[0 0 7 0] 


L i T i 1 O 4 + 


x L 1 * 


40 

+ 



[0 0 7 1] XO£5^y ^A^A^OjfARlSIC,!: 

t ft 5 ^ itiK & m { 4 ^ b ££ C 53 f £& JSg£{fcfefcSo 
l±y LTIi, T i 02 , Mn 

02, WOs, W02, V205&-6VM1L j xT i 02, L 
ixMn02, L ixW03, L ixW02, L i x V20s<t 

31 :£#£ X £/ JSX *#- 5 0 

[ oo 7 2 i ttz. 

b LXfi, Ti Sz, MoSz, NbSz, so 
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[0 0 5 9] 

[ fc 8 l 

1- 0. 5L i * + 0. 5 e* 

X, XtLf><7)^JRfcSl/'l4'a-^i: y 

iATt> J;v\ 

[0 0 6 3] <fiU JEMfeVo'gbL 

XLiCoOz, t®S«if!:L-Cl’>'yyA?rffl^fc 
') *f~t? >■ v 5 AlCftXX I n 

— L i o.i X'^frS-l' VvJ^i-yf^A^Mffl© 
(fb6) (CftAoX (ftlO) X* 
yl-^JcSi-SS, BP t> y = 0 . 9 I' EISA'S S 

s s x*o y a ? a-t a 

*£:£5o 
[00 6 4] 
flbl 0] 

ye* -» In-Li i. o 

r /u ? - ? a $> 5 1 4±r >v 5 = ? a - y ^ ■> a#^*# 

£ L< 

[0 0 6 7] ofK, !Sf B *it+roy f^A^tVt4 

I — -co y y^-y a^a^oi? ASiigERrSict v^'mteo 

^'&m.te’£lt*7ii-t&>Wb LX, Sf£&JRS^b!fe, y^- 
!? AS ^ JS ® ilk ^), y ^! 7 A!M 

UBitlbt) I-OV 'Xtft^B fcfT 5 o 

[0 0 6 8 ] X ^ O ^ g ^ X *, £'] Xtfxt °*/ vSi « 3 g 
^-rsyA-yA^^b^ (l i4/3 Ti s/s oi) 
tt. v ‘ft j± 4 *'sem&<nmMn*px wm d x*^ 
y ^ A-r ASf&5:± C, 
■?rtom{ittx = i. ox-^igM&^fc£±i;3„ -eooit 

*i>, V-^^A^i'irftxXL i 4/3 T i 5/3 04 

(WC< i/f LX, L i T i 2 04 ti 

(fti2) (cjoi'x, x=i. oxm<±<DTmMte$nt 

[0 0 6 9] 

[fill ll 

x e * -* Li 4XH.T i t,iO t 

litl 2] 

X e* -* Li 1 *,T i iO, 

WS 2 , F eMosSi, V 2 Ss feSlMiL i iT i S 2 , 
LixMoS2, LixNbS2, L i>WSz, L iiMot 
Ss, L i x V 2 Ss 7^ if t>, y^ , yA4'^-^(7)lfAHl£:i- 

t immizm'Zzbtf 
x*#s„ 

[00 7 3] ttc. SX±X'&'<ti'J^?J±m&&!%fc-£- 

j-ycos&miz biyteo 

rn^mm ttm s-mmi^^x. mzxzttfflmbti 
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5, ztuzMLx. 

Lt> y fi>AZ0:lMfflV'5r 

tx\ 

tub, mmMz&frtzvj ? 

octmtiits. %<ntztb. 

^xmmnwsk* &n-rz>o 

Ioo7 4] ±ss 

«»<*>**»*. iai-<o* 
s x b wmxh y . :o* 
f&bxzzbxmmx-xzffiwm'£b-?zxbtfx 

[0 0 7 5] tfIi£oj:5^m-a-®i l &l-*3V'X'b. 

3£®®stfii'*fLT, is^msit^ism^it^m l. 
®jevi frbmRLV2^<D*mm£m&mit&£.czMk-& 
mmi-fo'V'ttt. fgEEV2£lT-e56®-f5wi:dS»S L 

[0 0 7 6] tea. #9!*fflS : tf'lxfcV''‘C, Uliili. ¥ 

ffim&cofr&Mvk-tz t)©ttt*< , 2ffis^«gc*j 

It -6 7g/$;®li & t"C*t>it\, 

[ 0077 ] sfcs m&^mwimtbit. mtl\z 

at 6) \zm'Xx.<nmt\ztti,ximt£miimik*± 
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C^Zbir^LX^^ #jxli, (lb6) (^itSIn 
-L i*<7>®&&Ei:1-£fc. x<Z>3?lbl-*ti~$E<7>^ 
lbs£ (dE/dx) 

0, t^*»dE/d 

[00 7 8] Sfc, J:fao&»&®{fc3glbi: LTIis T 
f5li^i*.fc5*glbAS#3:LI,\ ) 

io ^tfjWAm&BLfczz. cz'j m b . 

y jw AaftBtRfSi- 1 1 

*3«tt©*a«**fl:fc**TO*A* (lb 13) tss 

Effi®{4 (E 

p (x) ) ©gffbspdEp (x) /dxir:fH®®<* (dE 
n (x) ) <7>^fb^dE» (x) /dx<DT$\Z. 
®(>£^'fb : Sr^i'II^x = xotwioV'X, dy-i)c< HdE. 

(xo) /d x>dEf (xo) / d x itc5M#-^fiKSC"T 
5 C i T'ifc D > c? <b U< lid En (xo) / d x > 

5 V©iiT-J)§. 

20 [0 0 7 9] 

[fbl 3] 



iE«£XE : L i Me O. — Li i-„M eO» + x L i * + xe‘ 
fiSfiJC :Ox 4- xL j’ + xe' -• Red 



[00 8 0] XdT/liitUX dEn (x) / d x ^ s XitP> 

nmvk*mz.-r<B. a <o t/i^ft^cnis ii ie©^ 
it. *>5i'B*l«E©*»CJ: Oi?jt}saK 
fcttffi £**>•*&»•*-<. ^®m4lc®*bfc£ilfry 

x b frmmbteZo 30 

[0 0 8 1] fc*3, (Ibl 3) KdoltSOxIi. I n- 
Lix, A 1 -L i x-g-^/£i'(7)^-g-|i|±. In, A1& 

ir®S«©4tJR, S^MSflb^ifoSt'liS^JIttlb 

Wilfom&lztt. (itl 3) 

•t-Sa^ifeJRJS^ <Sr lfla-a -tt£t>*>. 
=R-(£61)l^liT i ** S 2 , Li [L i 1/3 T i 2/3 ] T i 4 + 

04 tebcom.i&5>cxh y s ztibMt&xiztt&iZmffiv 
mt-tzm^mTum^iza^m^mLxh^ 

[oo8 2] *fc, ttie&feffaft&gfca*, b#*% 

©IN’ <7 X b Zmm Ltz 0 40 

A 1 tL i'icom^Clb^RlcSlCiy r/PS = 

? j>- art? &&&&&&% tiz&fc at ) irjoi' 

x. a i , Ai-LiH te#*»art:ic»*-c*> y . 

d&©&^®&li^*v5fit4. 0 49A, 6. 3 7 3AT* 
fcS„ *©«&*. A 1 A*>L i £®j*U A 1 - L i -£■& 
tWwirt, ®£Jg-^fr©#Qli*tr3. 9iglct&& 
TZo 

[0 0 8 3] 

[lb 14] 

A ] + L i * + e -*• A 1 — Li „ 



[0 0 8 4] i©): ote*%te&m$iik*!kXZ>mm?2; 
VoWfclbZ-J;. Li + b<nmn.itmRfc^bi>te?it 
mmtismibX'bisb'mvimb lx. a 

-T5L i 4/3 T i 5/3 04d 5 ^-&SitXl/'5„ L i 4/3 T i 
3fet#«r Lfc i 5 fcfHWEflsfc i * IS t A/ ££ c 

[00 8 5] X (7) L i 4/3 T i 5/3 04 
V'fcSflsmft&t LT, SfrmftlfCliL i 0. 3 3 L a 
0. 5 6 T i O 3£ffl^fc:t<D^g^$il,'Cl/'6 (T. 
Brousse, P.Eragnaud, R. Marc 
hand and D. M. Schleich, Ext 
ended Abstracts of 8th In 
ternational Meeting on Li 
thium Batteries, 324 (199 

6) Nagoya, 1 <tl2'l~) „ L^L^ L 

i o.33 L a 0.56 T i 03liS^®J®T-&-a : ti'^@fr 

mteWXhZtcit). StUb^&iJliil7c$it J ?’i'i/'i:V'9 
-mm^-tz,, mx. ti. SE®0tii@^®»«A^a7t;$it 
X LSt\ %mi<$<DF i g. llr^$itfc:J;5lix 3E 
®mavSi^LT»c®®^a^/j^ < tez?£b'<nr3MZ 
WLTI/'-So 

[00 8 6] Z<D J; j IZ. Li 4/3 T i 5/3 04 £ ®®jg- 

Wiiffii'mtx, mfcmftmnmmzxoxn 
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&»«#*#** < , t s 5 m 

o 

[oo8 7] c*Uw*i-u #Li£<bt:±ftk-rz>ft&nv 
a.*! u« t is/s cu 

i 4/3 T i 5/3 

ia.7cf--Y ^^fc^SHfl^SrllWM-* £ t 
B&k 7f5. 

[0088] io 

[^6S«] £1T. *»Wfcok%-CSUi«*fflk'X»!IIWc 
tftM-rsiK mT<n®miT^T&mTsi'=r^wm%.T 
Xffo 7c. 

[ 0089 ] oatm) mmsmfttLxmii^n 

Z. f^A-Yi^f/ 

ltl i cocnxmiaxz'jT-'r 
J*=ts<,ubMt®Z. 

b ~<D V <7- f A-Y l-ym&ABLMKfclz tiitei miZ<D 

t Ltl’Vv’^At, 'JT-t’l* 20 

'f*>mm&miWfflisb ito. oiuspoi- 

0. 6 3 L i z S-O. 3 6 S i S2X*^£ftS#iH«@ 

■£<7>#tt£I?ffiL7c. JUTK^-caiWaSr^-r. 

[ 0090 ] s-r. Tiso^&x-y ^tyA^i-^gaSis, 

@&m«m£3-/&L7c„ y 

>mi) 3 L ->J»&*;l'bbX6 3 : 3 6 : 1 COfiJ-g-T'^a® 
o' Lit. r.<Dftg‘!»4r^9s'*>--^-^>'®iW9^5©« 

U r/w^vi/x^cisS^X'i o o o < C-C2B#ia]}giSi!L 

7c. ®«t#)^P-7-r*^i-5 Cites 30 

?>. y*frAi’*^4B»ttHfl^»*#fc. 

[00 9 1] 0#'(C. L iCoOzIt Wt^'W h 
(CojOi) i&By^$>A (LizCOs) £. Co/ 

L i = l<OJt thesis#*. &#L. yc^4>9 0 03C 
xm.fS.-r Z X k \z X <0 && L 7c. 

[0 0 9 2] 5lCLX»7cy f^A-Yi-HH^tt 

jEmmvjn* $p.i:uMYyy?A©ii 

Srffll'X. 

L7c. 

[0 0 9 3] ^JS^IICi3tte±ll^y 40 

A73®fEig*|g3IC^i- 0 0 3l!l#3V'-C. ItelEffiXfc 
*> . ±f2X#7c LiCoOziM L7c@#«8?«£fi 
StfcX*6 : AfDVcXm^tXmmPtZZ 0 Omgfffi; 
L7ct><T>£ffll'7c. 2f*y 

fl?««X'fc!>. *#-Cfc6**9 5mg©4*'f>^e» 
A$g3 £-frlo!lD/B?£ML 7c. 

s' F SSrii-L^xHu^gJo^eiej; 1?giiL7c. 

[0 0 9 4] X<7)±@^y ^?Ag&®?ft,At;i3oV'X. 
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jfAaftgssjE&^azsg^giaii. (gs) ora&ie 
M£t5 2 4. 6 m A h Xifo 9 . -tixte# LX. -Y 
? A~<7) y A-Y tfV^AISUStKJSlejsj- LXi ^v 5 

? Awm&d'^iii^t-^b-rssxw y a^t ty» 

l¥Ag<±. (1123) <Q5tfclZ#fc-rZ 2 2. 2mAhX' 

fc-5. L7ca*oX. X<75®?tb,f4. y^^A*»gJ||Wl; 

^?a-y i-viDifAffiiflt^jexi-y 
A^*:y«mAIft8ti;i::*lLX. y ^-?Aii-^(ojfA 

a^^jg^tc^ibi-s swyf t> a^t / y©(fAt 

AL /J'X'foSWfifciTeoX^S. 

[0 0 9 5] o<3l>XJt^(07cfe|r, ^V-^^AJSoofi 
»$rl 9 Omg k Lfc£JWl±. ±f2i|5)1£«;£i£X:£@ 
#!/f7AZftl*B4«SLfc. ^<7>®ffilC*5V'X 
14. X ^/l>Acr)®f4^^F5i^lC^lti''5SX-CDy =7^ 
A-Y ty©jfASi'4 4. 4mAhXfc»3. y^^AiS 

pj®^ y ^ ? a^y / Aafc8t&a 
xt-y f-^A-Y^-^roa^jKiaiat^Lx. y^*A-r 
ABStMRfclZ- mttmt&Tf; 

i-yoKX’W.&fc'F'TMWzgiib-tZizxiX!) =7-t> A.4 3r> 
Off A*#. AX'foSflll&ittoXl'S. 

[0 0 9 6] XroJ;5!-LX«i5feUfc±@fry^!yA- 
&«?&£. 5 0 0 m A<7)®«i(fi:X3E®L7c. @4(4. X 

txbmfccom-itEiBviEm&mxibZ, isl. ±@^y 
^!yAr^m?aAicov'x»4. 

££L7c 3. 8 5V^ytmo^lhmJ£t L7c. -^TvlC^ 
LX. £@&y ^^AX^mffiBICoi/'XIi. 2 4. 6 
mAhijteSLfclS^iB^-WEtryE^^ifcSffit L 
7c. 

[0 0 9 7] 2®i 5 fCLX?E®»i^lt^ffi^^:^L. 
$?>tciKtmi7)iii*-ihmE^2. o vt l. ?Efemm?t5 o 
0 m A<7>3E^®i7'YY'/^®^^rfTo7c. ^co&M&Zri 
7c. S-y'-i' ^/Kcio(7S®t®®^S^r@ 5tci%i- 0 
[0 0 9 8] *36Mli*5*t'5^;@{*:y^^AnjJ:m?iA 

xi±. 3t% sta-y-i Y' /Kct t> 7 c 5 #tii®tia<o^ii 2 /m 
tA/t'mS'J$ti-7i^o7c<7)tcl!iL. tblS<7)7cftlC«^L 
7c^:@#:yf 1 !>Ar»:miteBX*(4. %m&V'U'MZb 
\>teo $ n7c. 

[ 0099 ] o#*tc N aTB^at. yEumJEtr^FaW 
Cfcl^oyE^miM Y 7 />^»SrP-<7c. 

[0 1 0 0] S-f. 3Em§§i LXIi. 3. 7 5V<D\g.m 
Sitso. IV. WlmH z<D#ffimiE&S. 

aLfc«ESr5i^-rs«J!S*ffli''fc. 

^AX^®?ttLSr. X<oyE®^X-5 OBfF^yESL. 
m. 5 0 0 M A<7)^m?5!tX*2. 0 VSX*«tmi‘5ytiKtm 

g(L7c. 6 teg-f. 

[0 10 1] ^;@fry ^!7AXi^fl;?tjlAXl4. yE«cmf- 
-f * /HC i t * 5 ii£®^a©(g:TfilS fc A/ t'®S'J $ TtTf 
^o7cC0|C*lLX. f v ;7Ar.^m&BXi4, 
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5 $ titz 0 

[0 10 2] &.±.<D£?\Z*&W\Z£Zb, 3&6&®1M 

i >v®m zm.Mc±mw- a- < b *t<& x 

[0103] (3US#|2) 

f--r h-coy^^A-Y3t-vi7)»AajiSiSfj:iwi’t.^5m 
tt«^*«Ke»fc4rv-rtfc*i: LX3US0J 1 X*f?H'7cX 
^tyAicft^x. r/i^ = *A£)m'7c«fl.f4. USE 
«l *Wtll©3*i!:-es ±H#y^-?A-»*}||iSr«!rt 10 

U ^co^tt&fpfffiLfc, tlTI-^CPiaSr^fo 
[oio4] y y^? 

j?JEm m 

ft. m fiu ft@#y Lit, 

[0 10 5] *«*«**: LXfi, ft 

jRT/W5=^A*&5|5SrSaH:Xl : 5 ©tt^Xigft Lfc 
r©#i«jsHr2 5mg|FftU ftBffc 
y^*Ar#:®&©iMi£ lac, 

[0 10 6] roj:5KLT#*:iE®. ftS&ffllA H 

sew i t y ^ ? a - fcs?&c &«/& 20 

Lfc„ coftiafry y^A-fcmmixfciAX^ y^-yA 
=>s<;u- -^4 

R&tfiBz&&*jiiiMJbts mmwitmmiz2 4. 6 
mAhffct), ^rfttXft-LX. T/VS <D'J 

a x ■* 's off AKiJiRfS iw *si v x r >v 5. = >7 a cd mfia* 

(•ft 4) OSfSf’^ffS-rS 2 0 . 7mAht*>5. L7c 
^ot> ctommtis 
te'J 7-VA4 1-XDW Atiimz&z-tv 
»*»*»::» LX. y^!>A^^>(7)ffA^IS(&ic 30 

tbb? 

IZgJk-tZt X ‘CO y A &AX tyflffAS))', /J'X'foS 
i: & o X t ' 5, 

[0107] O'^V'XtfcK<0fc*tw, AflECOfia^r 5 0 
mgiLfcim ilEtl^ftO^feX'ftSf^yfiyA 
-&®mD&fi?j£L7c, r ©SHI: fciAXfi. T/US- 
t> A<ontias*j&mz$ibi-z txx> y ^ a-c y® 
flPAftdUl. 4mAhffc!), y 

y xx Atfee;t y 

y^A^^fA 40 

ISigfKfEi-i t*l'Sfaw^af*S**‘ftSr^i-iftSfw® 

tt&*mmzgw:-t-Z*-e<o y 5^ A-fty©ff AS 

7X ^x-fes^iftoxv'-s, 

[0 10 8] X<0 4 7(rLX«>&Lfcft:ISfty^'yA- 

&m&ffli'x. nmwi bmm<D3mw.t&m*:fto 
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fc. f&u *&w\z£z&m#'J^<?J*r.ikmMc\zo 

i/'XIi. ?Emtt^^>S^^'ftSr4.i:fcmE^5Em<7) 
j^itmiEirL. -ttUCMUX, JteofcftroftHflty 7 1 
^A“^®?t!lDICOV'XI±, 2 4. 6mAh&5EfJL7c 

f%<Di%^-miz&fim<nm±mi£b ufc, 

[0 10 9] *:©*£*. *mw\ztertz±®fc]) ?--7a 

Eftiict-ii. n.i&m-'M tMzti>te?mnm%. s 
nmkimtAszmmztiteii'vttioizttu ttgwtz 
y^^ a 3E«c«f- 
-X ^ 7K3 1 t> * 5 ilcK&mv&TiiWm £ Tvfc, 

[0 1 10] o#"Ia 3£®§g<7>i£i5fc®JEffi3r 4 . 0 5V 

t Lfcti^n, mm&n bffl&<oxmx\ ysmmE cm# 
Wft*ftlbi»sft * /v^SljfcSS^fc, 

[ 0111 ] ftSfry^Ax&mcx- 

»4, ^/H4it*5ifc@^S<OfSTf±(StA/ 

£*8iJ£ix*a»ofc©K*frL.X. ftSffcy XVXXlkm 
idxu fyj»«ty»cm^a^fs<, s^c^iSta-tM- 
* MZ b 1* 5 £HAc, 

[o l l 2] £(±©j: ?E«t®l4X 

tA1fc>A'ofd 0 

[0 113] (IU6W3~*16«SJ1 3) 

K-coy ^^A^^->-(X)ffA®iSIR(S: 
I- b t> * 5 «ttro7F®«i*3E{fcSr^-f-®K t LX^« 
= (*1) \Z7fr-tmm. 

^fflV'7c^l4mSEW2tmtO*afeX% ^@ft:y^!> 
Arft®t?r(ffEStL. ^SE«2 
?c»r®-y-X ^ ?> 

^ A £ jb\ a®4 

CinbftJBfcSl'f4ftftt@#:®j»®[»5feS:fiSH:X 
5 : (Si) fcIBttwSSId 

ffiixffli'fc. (si) +ia4#®jte(wfcxix 

y ^ t> aua* y ^ ty A-f 2j->-(7) 

IfABUKSJC^Bi 6®ADiS(gQ 1 » y A 

ry a^ Lx&mcom 

izm'ct* * x-<r> y y 1 - ^ a-( ^-xdw asq 2 ^ l 

7c, X7if3CO®?(fi(±Q2^Q l J: y, /] 'X-hZ>Mf$.bt£ 
otl'5, 

[ 0114 ] ^< 0 ^. %im*'<9Mzb%ti5tm. 
^SOf6Tf±7£< > *&W\z£Z>b3Ztm-*'f*'i'<im. 

\z^ntz±mw y ^ vxz&m mm ztizzb 

o7c, 

[0 115] 

[Si] 



50 
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19 20 





mbhm 


H*S*(ag) 


Ql(aAh) 


Q2CaAh) 




to 


1 0 0 


2 4. 


6 


2 1.6 




b474 


10 0 


24. 


6 


21- 3 


%m\ 5 




4 0 


24. 


8 


1 8. 8 


fWSfH6 


ii'jvu- y S"?a££ 


6 0 


24. 


6 


18.8 




G a i. 9 — L i 0. 2i 










§«8ifll7 


XX 


4 5 


24. 


6 


2 1.2 


ns&m 


$ 


5 0 


24. 


6 


20. 7 


3tttM9 


Yr>f* 


5 


24. 


6 


1 5. 9 


0 




6 0 


24. 


6 


20. 5 


S*M1 1 


* K5 


1 0 0 


24. 


6 


19.9 


§zm 1 1 2 


ni rt* 


20 


24. 


6 


1 7. 9 


DgKm 3 




4 0 


2 4. 


6 | 


1 8. 7 



[ 0116 ] onjsm 4) **«»*© y**.w*- 

^f-4* 

ltHJSWI i -efflv'fc 20 

so-V'fpj* icft^x, 
i4, mmm ii^i©*s-c, 

£«/&L, -t<7>!|#tt£gp« Lfc. «Tlc^wS£«B£^ 

•To 

[0 117] ga-'0'v??A-g-&14, &MgSi:&JK> 
v^ASr^/Htt-l : llcfi'g-Lfct.WfcT/briV^SfE 
4L 8 0 0tfiBJ-fr5wi:l;i!)Pb-In©M 

[ 0118 ] y y^? 

43/1/1. h®:Yb$!il4, HiSm tl^to^ffix-g-fiSc;, ?S 

£\ #fiu, ^illftry U7c 0 

Pb- I a + 81 i * + 

[0 12 4] ©R(Sll)ftlJ:t5 2 0. 18mAhX'fc 
3. L"Cf4, UliSW 1 X‘fflt L iCoOzi 

^Lfc@^m»©^fiSfct-C*6 : 4<Dtfc-C*!g'a-Lfc'5 
r»IEjiW%9 1mg#SU 1 

s^, iEffi$m&3 o 4mgf¥fiL., mmz±m#v?- 

[0 12 5] ZtL^>(D±mt^V 

>-colf y 

«, (its) <vRfcizftfc7z£®#!J 

ET447. 5 m A h , l@tt!) f 74“&fi,F-CU2 
5mAhx*fcy, 

uti s) frzt't 4 «bi6) y ^ ? 

A^^XDjfAat-tfc^XA^SIS^t^oXV'S, 

[0 12 6] rcDi^lwLTltl&Lfc^B&yf^Ar 

m-tM * f> tflC;fcm®J3EICB# c 



[0 1 19] Mt&W&k LT14. £S 

fctWSrffllAfc,, iCQ;IMl*m£l 0 OmgffSl. £ 

@^y L £: 0 

[0 12 0 ] LCOAlg— ©y ^^A'T^-^rolfASltl- 
fev'x, ^©mfi^^is^^'fb-rsy 
®^Afi(4, 

[0 12 1 ] 

[Ybl 5] 

Pb-In + Li* + «- — Pb-In-Li 

[0 12 2] CORl&l^/Pi-fSI-S 6 . 9 4 mAh, fcbXI 
1C 

[0 12 3] 

[[b 1 6 ] 

3e" — Pb-1 n -L i > 

tz.^<r>%umxy 4 1 

[0127] ^ 0!g*, i7 /He i t>/£ 5 

^*<7><gTt4/4 < , ^B^(-4:^t5E»tm'y-4'i7A!t$tt 
Icg4t7c.±@#: A~&fLfe/!iS#ib;ft-3 C. £ 7i 5 fc>A' 

ofc, 

[0128] (HifcW 1 5 ) y A^ * 

vim i-coy 

40 LX^MM 1 X^l'fc 

-o^Aicf^-t, y^y’A^^^ib^&fflv^cjy. 
£t-i4, mmmi »!if74r»ti 

i ISIrMU £1 T(c^tO^^ 

4% 

[0 12 9] ft^ic, b«3^TIB(7)^ 

btilgfcm,*: LTf4, ASSYby^A (L 
i OH) irgHbf^V (T i O 2 ) SrffllAfCo ST, tK 
KYby Li : T i =4 : 5 t ft 

5i3ffi®^Lfc, f-Wcfln/BS 

50 JgL, £MT9 0 OXiT-2 OBtr^/bOfaTSLiT, Li 
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4/3 Tis/s 04 Testis y y^Ay^>g^b^£# 

It „ 

[oi3oi vrv 

^^wmtmt. mmm i ® 

£\ IFiU f**Ar.#;®J6®:iEffii Lfc, 

[0 13 1 ] AiWtLtll ± 

fsx^fcyy" !?A^^>'ge{i:^i^aatfc-e 2 : 3 cott^ 

fib. ^Sffcyy^Ar&Bm^iMSiLfc,, 

[0 13 2 ] rroj^KL-t&fclBffi. M io 

L i «/ , »T i i/iOi + LI* + 

[0 13 4] (DKJ&I -2tJ&1"5 2 2mAhffc5, b 
fcibt, Ji^*A*»^iMfc|b©Bra» 

#* y y- * a^ ^-><o)f ASftat^rt- y ^ y Ay *> 

©***ut»K#b-c, y^^Ay^^A#^®© 

ai-vcoi? as^. /j'X?$> 

■51#bEi!: ftoXV'S, 

[0 13 5] £fficDfifi£5 1 

8 m g t Lfceimt. ±ssii^#o^)feT:-^@#:y * j -*? 20 
Ax&mmH&i??/&Lfc 0 romati-jb'i/'-cn. yy 1 ^ 
a^* y y^ 

A^ty©)fAft«U4mAhffc9. yy^A®^ 

JS«Kb«sw^riSW* y y-? Ay y>co}f Aflttfit^eri- 
y^^A-fsi-vcoftADiMfiix^b-c. yy^Ayyv 
<7>Jf ABMtRfSKi t /f 5 
KroBteas^jgfltK^fls-r s £ wyf^Ai’ 

Afitfb *-e; fc5fl»fi6t*o-CV'5. 

[0 13 6 ] :©J:5bLTMtti@tt:yf|>Ab 

fUfcflfl iRiai©*»S»SfeS:fTo so 

fc. mb. fimcoi&Jkm&mi. 
y?A~#:«ifeG ixoloxTii. • 

££bfc®ffi£?E®<Z5ij&.itm/££ bfc„ yttfxfcfbXX 

lfc®EC0Xc«()©^@fry 2 

4. 6mAh&3EBbfc^tO«^®ffi^3£mc>i^li;«E 

t bfCo 

[ 0137 ] *389iici3i+5±@#y y^A 

iftiiGT-ii. yEjKcmf--r^-'Hcfcfc*3»SB*fi 
<nmt&\zt At'BS'J^tt^^ofccoixMU fctt&ofc 
»ixi#^b7c±iift:y f-^A-^mmHx-ii. yE»®y 40 
-< * /He 1 1. 5 »S^fi«(&T^a»J $ ixfc, 

[0138] oflX. 3E®Sg<7>iS)5fE®ffitt£ 3 . 25V 

tbfcsmti. ussct 1 ^ jEmmam 

[0 13 9] *■©*&&. £®ftl)^’>£.-<!kmMGX- 
It. ftikM-y-'f ?Mzbi,te?t!iWL&ikcDiS.Tlt\Zt/v 
ifmmztitefa'itzinitM lx\ £@&y y ?Ar&m 
MHXit. if b tmteMf-'f 

[0 1 4 0 ] &.±<r>£oiz*&mz.jLZb. fttftm-t'f so 
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JS0U tlS]«W^jSfeX?±@fry^^A-J!k«BGS:«fig 

bfc. x(n±m# v y £A-&®j>a,G(i:4oi'x\ yy? 
i3/yi- y y i> Ay * as$£ 

«®£ji*S w -Sft^Mtfili. UlSflaj l i EH*K 2 4 . 

6mAhtfcy, ^tucwbx y ‘f-*>j»=f-9>mdto 
~<oy y?Ay ABUHRi&icfci/'-c y y >y Ay 

* y y >y Ay 

y>co)f Afiti. 

[0 13 3] 

Hb i 7 ] 

e ■* L I t/iT i >/iO< 

i: A 5 fc>^ofc 0 

[0141] (njsm 6) ig^ii+coy ys-Ayy 

^yy i^cDy 

Bii v> Tif ifsS * ^(b £ ^-r 4£>1f ir bxrllJgM l T-ffli ,'fc 
4>iS?A(zttZX. Z«tfy>JfflbfcOTtt. * 
mmi tmm<Djj&x\ 

[0 14 2 ] “«&{fc ;y*> (T i s 2 ) it. 

lcvdsi:j; y-a-^bfdo 
[ 0143 ] yy?A x yy^^ 
a=aa vmtmt. ^te0ni tmm<Dij8i-<tei&. m 
-g\ fffiu ^@^y y^y/AAikmmtoiESi b/t„ 

[0 14 4] bill, @fl£«»W]»3Rt. ± 

mxmzxmt^v >^(b^)4rmfi)tT'2 : 3<7)tfc^X* 
iS-a-b^cttOSrffll/'Xc:., XWAiW-f^l 5 3mgfft 
b. ^s^yy^fyA-^B^oA^t bXc. 

[0 14 5] X©J: 5(xbT)#7cjE®. % 

mm i tmm<Djj&:x£®#'j f^A^tii 
bfc„ ^^sftryy^^A-^ami irfc'^x. yy^y/ 
j±=i/</u ('^•fb i fe'^<7)oij®&y^y y-y/A-f 

zmXMtMMlt. mMffl l i (^(t(x 2 4 . 
6mAhxfcy. ^luc^bx. ~«{by 1 ^>-'Coyy i 
iy A-r ^f-xoif ASftPiKfCixfci'xrwby 1 ^ ^<x>®(4 
^^iS^ix^(bl-5ST*<x> y y 1 ^ A-r tyof Afiii. 

[0 14 6] 

[Ibi 8] 

TiS. + Li* + e' — LiTiS. 

[0147] osicixm-rs 2 2 m A h X-fo5 0 bXc 
ibt, yy^Aa^^MSS^roBij!®) 

* y if ? a^ ^-^6otf Agftit^^x-r y y^ y a^ 
g*Mtfilx*j-L-X. y y^AX^xxijfADfMSlSIx 
f: t>* y ®(i « x)s^^S;(b 
izmti-z£v<z>y y^^A-r^vrojfAfi^. /hx-^s 

[0148] ^®(X>afi5r 3 0 

6mgi:L tzUftit. ±.9Zkmm<nJ7&X-£®#<J^<} 
A-^®?i,; Sr1#^bfc 0 CKDBf&ixfct'-XH:. yy 1 ^ 
Ay^y/ s x?<x» y y 1 ;> 
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-W sJ-^JfAg/JS 4 4 m A h Xb *) . y^£A®|£& 

jBSWftft<OBTi8*Wfc y ^ ? A-r -ty<x>^Km^cU.xx 
n<nmm^mm\z.&iki-z>±x-(D]) ±y<Dn 

AW\ 

[0 14 9] ;©i 3(-LTlf?/&Lfc:£@#:y^?A- 
HffitfU tR«<056)(SmK»«:fTo 
fc„ fat, 5£«<o^±miE(iSf4, *&mz.£z>±mftv 
J* ZLHk 1SMI tol ' tu , 10 

* / £.MtzW£$:%m<r)fe±mtb Lfc„ 

Jt&<f>fc*<f>£@fry ^All&Site J Icol'Tfi, 2 
4. 6mAh&3E®Lfc^W«^®JE^3£mcii^±«l 
t Lfc, 

[0 15 0] *^ldfcft5£@#y 

i x*ti, yaamifw * /n- i; t>* 5 ^mm^s 
©3i[b* s l5 1 ^ i'lSSU $ iu&fi'o fccofc*) L, it&wfc 
*lrfl|)SLfc±@«cy f^ArftflJTU 3fcfe®if 

[0 1 5 1] o#*|c, 56«SroiS«imffili[*2. 5Vi 20 

ufdeifl . fi , ns #! 1 & i ^« ro ^ efe - e , 

Ltzm<omm. im 9 

[0 15 2] *£>*&*, *A-&mi T* 

fi, 

t'asij^ft*^o7t<D(c^u-c, £@#y 

L i N i O. - Li..iNiOi 

[0 1 5 9] C0SfSl-flH&i'S 2 4 . 7mAhT-fc!l, 

^ furfur, jyi/V^nyi-v^iryinffixWL 

ffi.R&iztt£T£yi;?j±<Dm&fr : £mmzmk-tz>'£ 

X'co y *y<7 )& Asii nmm i tiwmtz (it so 

3) 0g©:flJ5t5 2 2. 2mAhfJ)5. Uit^o 
T, C<f>«?&fi, !)f=-^A5*^*SJ[|;«5«DBriS!6«J*y 
A-f ABJiM&igd-f y ^-7 A-r 

j«Jigiw*t-L-t, y^^A^^-xDjfAffiLttrasiwtt 
* i 'm&<oTmwj:Mit &^-rwg<omm> ^mmz % 
1ti-Z$.x<ni)r?J>'<*y<D ftA&Ah 'bx-bsmtit 
tfCoT^So 

[0 16 0] o-5i,'-trt;ifc<Dfcs!>(C, y{y'y^M Sole 
S*1 9 Omg t Lfcglfl.fi, ±IEt 
{ fcy ^ An & amL & tfc & ufc . ^ roma & idfciA-c 40 
fi, 4 y>y * A ©*«to»***|*fc*fl;-r* £ T*<7> y A •> 

A-< A*# 4 4. 4mAhT'£>9, I /A?Aif 

&&wmtm<r> BriStt* y a ? a-< *- y<ojf xaftst^e 
ui~y A*AA:r^c7)^Aa&«g(i*tL-t, va^aa 

Aittfitsisiw 1 1> *k'*tt©^aat**fl:sr jj% 

-TifeK<f>®4fii?F3ii^i^^'fbi'5S'C©y a^a^ 

VWAM :«*, At ‘ib*]#j£&*o-0>5. 

[0 16 1] deni ^KLTlfjiJcLfc^Sfry A?A~ 
^iHlriut, HJ6W1 fcra«ro3Ett«W»Sr^o 
fc„ fib, yfeSro^lhSJEttli, *3§f3!CJ:5:£@#y so 
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m J r-fi, tiJJHJ: 9 »*»»*«<, £6K5£te®1f-i' 

* /H: 1 1 fc 5 ft««ft0lETa**ffl £ *vfc„ 
[ 0153 ] Ei±<f>J:9f-^^twj;5t, ya&«iH’ 

* ^# ttiw ® iLfc ±@^ y a •> a- u 

t ^ 5 tofi ' of : 0 

[0154] (HJfe#) l 7 ) It, MlStH 

1 X-ffli/'fcL i C o 02T-m£tiZ , J3 1 t'A=‘y</i' h» 

( tVMzftz.T, L i N i 02-C*S$fx6 V AT'A^j/A 

£@tty A?Ar&m?&&»j*Lfc. 
ElTl^ro^Mffl&^-fo 

[ 0 1 5 5] £-f, L i N i O 2 &, SM^S'AA' (N 
i O) tflc^-fty A?A£rj&g.L, AM+S 0 O'CT-fin 
fcr^difcitJ^figLfc, 

[0 15 6] U©i5l-LT#fcL i N i 02&$$= 

L , HJSm T *# fc @^ m » Ki : SSlt - e 3 : 2 ( DtbX - 
fS-a-L, jE®5mfcLfc„ U(Di3lCLT#fcEffi»^ 
^3 0 0mg#*:Lfct>ro^jE(®d LfcElfl.fi, HJfe^ 

1 tmm<n%mx±m#v ^?j*~ikmm.K&mRS.L 

fCo 

[ 0157 ] r.<D±@^y 9 L i>A-»c®«iiciJV'-t, y 

f{uo^ hBKb«9^WBr*w*y 

AJttfSISfSdser 5**JK«*»i, 

[0 15 8 ] 

I-fL 1 9 ] 

0 . 5Li* + 0. 5 e " 

A^A-^mmKicoi/'Tii, 
SrftLfc®E&yEmro^-±mffii; Lfc, ^iofCflfLT. 
lfcKf£Dfc*©^:ia^y ^-^Ar^^^Lfcol'-tfi, 2 
4. 6mAh*jtBLfcBR<t)jfl^«JE4r^«««fit«E 
i Lfc 0 
[0 16 2 ] 

A^m?ft,KT-fi, fE»mif 'f ^ mz a u ft 5 sfemm^a 
(D^b^ia t Az if®SD $nfif)'ofcOIC*f- L. tfctSfcofc 
Lfc:£iafty f"i7AAii>:®?feL-t-fi, 5t^Sif 
■f ^ Me b t * 5 ftcm®S.<0 {gr^ ; MS'J^ tifc. 

[0 16 3] o#'(C, 3tm^©iSiJimEtt&3. 5Vt 
LfcElfl.fi, 1 3 Em«ElwB#P^ 

ctzm <n>%im$-'( v 

[0 16 4] 

It. VMz bhti=) ^S#l:<D(g:Tfili i k> 

if mm $ ixtefao tzvizttLx. y ^ 7^31 

s&L-eii, am* 9 &«**#£<, ZbKimm-iM 
9 MZ. irLfd? »*« SroffiT^«ay 
[0 16 5] El±f)J;5f-^BflttJ:5,t, yosscmiffl’ 
^ 7 M#tti^®nfc±@tt: y ^ ALfttw ! #f)]i5c; 

[ 0166 ] mmw 1 8 ) lx. uss^i 

lT'ffll'fcL i CoOzT-^$iv 2 >y^' 7 A=Jx< 2 Wf-^ 

(tmzi’tz.x. L iMmOtX-^itl^'J^^^ytt 




(14) 
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VBWbttSr«l\ £Hfry**A-JMBfi*«f®Lfc. 
filTlrftC9i$*ffl£r;5Xr. 

[0167] L i M n 2 04 fix y 5 1 ■? A ( L i 2 C 
Os) (Mn (CHiCOO) 2 ) 

L x *$3*7 5 orT-flPfS-rSrii'i t)#fifcLfco 
[0 16 8] X< 0 J plrLX#fcL i Mn204&:|ft# 

Lx ■m&mix-mz.mvm.tim, Zbizm^-mmut l 

XTX^\/'VZf7 V 9 5c&%.)!cXZ : 1. 9:0. ICO 

ttfrS'a-Lx jEt£*mt Lft„ L<7> J 0 tr LTWcIE^ 

L i M n sO « Lio. *6M n *0* 10 + 

[0 1 7 1] 2 5. OmAhtfcOx 

ftftiratLXx -fy-yy^o!) 

SISfSl-MLX^ ^?A< 7 ?®ft:aifr)gMlr£ft* 5 ;£ 
X'< 7 >y*?A-rfr>v>ifA 6 fix Hffiftl 1 £ ismiir (ft 
3) OHJSlr*te;-*3 2 2. 2mAhtfc5, Lfc^o 
tx L<o®m«x y^!>A»^^jRBtfti»ro®js»«j*y 
* -7 A-r ^->co)f Aiisisisre n-f y * * a^ ty«t* 

SftffifilrStLXx y ^■>A-f^->-co(fA)!5iiiRr£:i-i’b 

it-t$1ZX'<D}) ^^AW^->cO}fAS^x /J'T-fc5#^ 20 

£/£oXIAS 0 

[0 17 2 ] o<JV'-Cfcbg((Ofc4tiftx -C L-v^AjgfOB 
t^HOrngi Lftgl^fix ±fE£|S]«S<7>*?£X£:@ 
fry *£A-&®)&N£*/?)cLf ;: 0 Cd®/iilftioV'-C 
fix 't 

A'f fr^co# ASA* 4 4 . 4mAh"Cfo9x y^^Aili 
»^JBKft«J© BlijftW* yfW fr v<D]f AJ&8t&i& 
cry^A^fr^sA&aairat-LXx yy^A-r 
fr y <Dff AIHMRJS ft t % * v '®& <r> frjgat&^ft 
i-^K<7>®fit^friSiitf-^ft-r 5ti?©yf j'Mtv 30 
(OtfAfiAL *Xfc5lfj&£&oXtA5„ 

[0 17 3] i<D£o(rLX«/£Lft£@fry**A- 
^SJfiSrffiV'Tx HlftMl fcW#© 3 telWt»»«rfTo 
fe„ ft Lx 3 fE®<Oi^ihm/Effl:iix fr^fti^Hfry 
*!7A-&S?t!lMtr-oi^Xlix 3t®*^^^iS^^£^ft 
^±ctzms.i:%m.<o^±mE.txti 0 ft*vfr*i-LXx 
Jt«Wfc«>tf>£@fry f7A3tJSNl:of'Xllx 2 
4. 6rnAh?ryE®Lfc^(0®^-®m^yE®(0ijs*-ii:®m 
i Lft„ 

[0 1 7 4] *r<D*£3lx frHMft*3ft5^@fry *?A 40 

-&®ffiMT*lix cs 

co^ft^l5iAi'WJ$tt/i^o7c:©ft^Lx it&coft 
»ft«^Lft^@fry^»A-8:«?fcNt?ttx ys&m-y- 
-f * /Hr fc t fc 5 ^®^a<Oft;T^ 5 m®J $ ixft« 

[0 17 5] o#*ftx 3E®S§roa:j®®)£(i:4r3. 6 5V 
£ Lfc£lfl-J±x HJSMl 5£®®ffi fru# 

FJ3ttfc»StoS£ ^/^SbSrSa^fc. 

[0 17 6 ] ft(D^x iifryf^AIikliltMt 
fix 5ttt®-y-'l'^/Hrtt>/£o®t®^ao(g;Tf±liiA/ 
^a»JS^**»ofc<Oft»L-Cx £@fry^*A-&® 50 



26 

»^4 3 2mgf?SL7^t>(0^]E]®i:Lft«fr«x H 

JSftll t (^co^SXXklifr y 

Lfc„ 

[0 16 9] CO^Sfry-f-^Ar.ftaj&Mirfc^Tx 
y ')?-’} a* 

If ABKttRft£« s iBw SiilBlili. 

[0 1 7 0] 

[ft 20 ] 

0. 6 5L i* + 0. 65e- 

as,N-ci±. ^»<ty«t®^a^[s<x $$>iryafc«in’ 
9 mz. tt&o zivit. 

[0 17 7] aftcoioftfr^B^ftiStx ^SBcS-tM’ 

* /H#ttirffixft^@fr y * -y a n 

bti'iifrotc* 

[oi 7 8 ] mmm 1 9 ) y*?A 
@fr®«?®t l-Cx mxm 1 x*#fc 0 . 0 1 l i s p 04 

-0. 63Li2S-0. 3 6 S i S2 (rftxT 0 . 0 5 
L 22 O-O. 57Li2S-0. 38SiS2X**£ii 

■5^f B ®@fr®««%fflv'7cw^i4x m&m 1 t mm 
ftx ^@fry^'7A®®,^«^L^ro!|#tt4rS«Lft«, 
eiTftx 

[01 79 ] ffifty ‘f-9-utmY.xxm. Kbmzmit 
y *!>A&&4r/HfcX*5 7 : 3 8 : 5 (OfiJ^X'^S®^ 

Lx gffttf^MjjWX' 1 0 0 0'CA’2B$F.aigSfeLfc„ W. 
mimznmmi tmmzmr2-7-xmm3§-tz>xt 
irJlA y f y xM 1 tyeitiMif 
[ 0180 ] xeo£oirLx#fcy*!?A^*>fcaM$ 
sfrfg^fc&rffiiAx mmmi t [Simeon's i? 9 j±mm& 

^ tflrfttScoft#co£@fr y 7- 9 A Lx 

USSWl tlf»03lEttWMISrfTofc. 

[0 18 1] ftto^x fr3§Wfti3ft5^@fry y^^A 
“ Oc®?tri±x ?E®c®lH' ^ /Hr 1 1 0 te®S^.S< 7 ) 

mtfr lit A/ if a®J $ ft&A'o /cCOftJt Lx it«*<07r » 

fr«fiicL7c:±(afry f'y’Ar^SftT-fix 36^Sf--r ^ 

/Hr L L f£ 0 $ n/r 0 

[ 0182 ] o#*irx 1 t^co^fex-x yem® 

EElrBf CfcRStfjyEjBcaiM i 2 /^Sb&a® 

-«fc. 

[ 0183 ] ^©^jix fr^B^iriJfts^iifry ^y/A 
H^®?t6,Xi4x 5Eiit®-y-'i' ^ /Hr 1 1) * 5 JStl§S©(6 
Tfilit A/if«9JSn*d'ofc©ir»LXx tiM<ntzib 
<7>^@fry y^'yA-^m^xiix w»u;!9»®sa^[s 

<x $P>lr368tSf--Y^/Hrtt*9»S^a«ffiT« s 

asy$it/ci 0 

[0 18 4] jei_t<x> Jr olrfr^B^lriStx 
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[oi8 5i (mt&m 2 o) mm 

mi k^mz.'&msto'g.b *£ 6 *®* 

© y ^? ay *y *)- Y E^wy y^AY^wWig&W; 

ABUisassr^ts y 

tltLTL i C oOzX^ttsy KSf^k 

ftMMft&poy =f- ?£.'(*>-$-'< e~ coy^-yjx 
Y ABUBtRJSlxi t^V'mtt^aa^^bSr 

^i-fe»i:LXY>^!>A£. y 
#WMMt LXO. OIL 
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-0. 3 6 S i 

X, Lfc. SlTCt 

[0 18 61 Si\ 

*B7te. M&mM&m>$-tzmmtecomj$& m 2 ) 

l^Ok-to 

[0 18 7J 

[^21 



1 3 P O 4 — 0. 6 3L i 2 S 





XSitbCi) 


ilttftk(ii) 


Wfe 


1ES 




<31 


02 


IE# 


a« 


Q1 


02 




Cng) 


(ng) 


(»Ah) 


CaAh) 


Cng) 


(ag) 


(mAh) 


(mAh) 


si 


250 


50 


12.3 


11.7 


150 


50 


12-3 


11.7 


S2 


150 


50 


12.3 


11.7 


150 


70 


12.3 


16.3 


S3 


; 150 


50 


12.3 


11-7 


120 


50 


9.9 


11.7 


S4 


1 120 


' 50 


9.9 


11.7 


120 


50 


9.9 


11.7 



[0 18 8] 0 7*K 7, 8fi (M2) iZffilfc&TjiLfz 
mmm a) (n) x-£>s 0 ;®2oo 20 

^ ? 9 — 9 MS y BE?iJf;:g^L, xf>^ 
Mromffi^SSl OlxAft. Hl^l 

^fy^S©li 2KS y&stu iftg-®?&si~s 

4 *mj& l it. 

[0 18 91 &ib\ m 2) 4>I-(is ibtflXft® 

»fi*. ^-iltiimixfci'x y =r Ymitvo'^n 

iify^ *- Afl&stKj&^ig x s a Aia 

iiaois (-ft 8) 

Y V A-<75 y ^ * AY 2)- A^RftlCjp)- ux 

Y >i?& j*<omiit.& : F'& Wzmtis twi; ^ ? a y 30 

X>X)}fASQ2. (ft3) 

S^fi&tfNrXTnLfco 

[oi9oi m-a-mms 1 mmm a) , 

(ii) i btzy^9J>.m&&mmk®)<Dnj&&)tt'j^9 

fiQiwtx, yf 1 ^A4 - 2t->'(o)fA«s:i£;iwi’b 

it-fZlkX'<D V AJ *'sff)WAmQ2VK /J'Xfo-5 

«U®i*oX*J!K 

oX'5„ Sfc, Mii,S2i;fci'X i {), 2o©it 40 
ions»ro/J'$mi (i) asqi>Q2cd«iS 
i^oXfcy . *»W©ftfl=*Mfci-»«-«ai:4oX 

l' - ' So 

[0 19 1] XixP><D^m»(^LX, &£m%S3 
Xfi. £*<7>/h $***;?& (ii) iSQl<Q2fflMt 

Q 1 <Q 2<7)1f^t/£oXi3y, 

*J*fc**v\ 

[ 0192 ] zti<b<om-a-mM&m\ Tssnft&cm-v- 

Y ^/MKSi&fTofc. X*LE><7>®?i,£:2 5 0 n A©$1 so 



?tX*yE®Lfc„ ®Mlc03E«^T®ffil4. ( 1 ) t' 

-f y fyAa/</i- 

Li os c ooi<nm&tf£ZKft^i$i&-rz>m^mt)m 
ixfcfSg\ (2) 

C/iftg\ I'fW'-WitlifeiEt 

Lfc 0 

[0193] Sfc. «C®®)Sg 2 5 0 n A fc U «C®i& 
T®ffili4. 5 Vt Lfco ±fE«yE»C®^#X*X^P)<D 
H^‘«a®3tetW*f--Y^/HtB*fTofci:i*, mg-® 
1SL S2flt fctt«1fY*A4i:fc*>*33te«^ 
®J <7>3E<tU±a»J SMi'ofcCLMLX, Jflg-®Ml S 
3 , S4x-i4, 3t®r®-y-x tMzttte? 

[0 19 4] o?lL eiTcD^&x. yE®®/ElxB#Rg#j 
C7il£«;£«r®-y-Y * />^«i^si-<7c„ 

[0 19 51 Si*. 5 femtli LX«. ±ia^®jJftlwS5 
ye^m-y - y ^ /^^twiov ^x*^ $ 

tiStStlllL t&tSO. 1 V. )iJigg:imHz<D£j5S 
X03t®^X*5 0BtP^YE®L. 25 

o m a<o^®jsx- 4 . svsx^sxsyg^c^-y-Y^/L 

[0196] ^g-mms L S2 X*I4. 3E£fe 

m-y- Y * /HX 1 1> ft 9 t A ifffiS'J $ 

Yvft^ofcCDJxSiLX, M11S3, S4X«. fi)M 
X.9»n&*m £<. £E>lc3£&ffi-y-Y*/M^ig&9 
Sixfc. 

[0 1 9 7] «±©J: 9lx^^(iSSi:. 3g^®y-Y 

X t *Sfc*»ofc o 

[0198] (HlfiB 2 1 ) ^HJfi^JX-li, 
w«^^fc^3E«c®-y-Yy'/^ttic5.(Si-^®|^oi,'X 
teronjfewxii. -MiLfciifty 
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ft ft Xfi 

5 5^- M*<75^ft±@#:y f?AI iDctjfi^Uy h-lr 

6 A L fc®&ro«ttSrWI-«fc. 

[0199] ajSS&Si Lt L i 4/3 T i 5/3 CM, IE 
mfZVvntL TLiCoOiW', USSm 5 <75:£@ 

flr y ^ ? A - &®?&G t y ^ £ A - 

^u-y bz&Mi.tz. tm l ft y 

^l/y LX, 

$9$iy- KSr^JKjy h®l£L7c;*5r ^ y'>» 
L7c. ft.n£, x-r^uxfgftztf 
!)ifi''/y- Hr55^- h Ufc7-f/i'A|;MAU 
:£@&y t L7c„ 

[02 00] O^V'Xtt:iR<757c*, UtA 

1 , lEMmyv’gt LXL i C o 02 «:ffll\ HJStf'J 2 <75 
'J^v A.-&W.MC b D ^ *? A 

#ftLX£@#yy L *A-&®ffiP&«/4L7c„ 

[0 2 0 1] ft <7)4 5ft«i4L7c:£@#:y 
fe&fflV'X, *rti*?timtbm 1 5«iift:y 
®}&G, HJfe^j2<73^;@ft:y 
ftmwMmzrtoti' 

[0 2 0 2] -£:<7>*§j&, *3SWUl*i»t5±@fry ^?A 

“&*ifeowL y&grtK-y- 4 1 yvpftt 1* 

■fbdili t A- i'MfflJ $ ivfetf'o 7c <75 ft*f L, tfct&<757cS51t 
sicLfc^iafry f^3®iPt*tt, U)»)w3Em^fi 
ft*tLXSr®^fiaS/J'£<, 4fc5fctt*lM , */i'fci: fc 
* 5 artt#*©fiTis«W $ 7 l7c q 

[0 2 0 3] ^Sfry 

LXIi, ^i^yf e'Arft 
®?t!l<75X— 5*.&7 $4— h 7-f/UAtr^M L7c7c«6, ® 

-y hft*D:boX<<' 

tL*r-?<t)'b<F>mt)ti*'\'Zt£\><n>ht£'0. mVo’gco&ffi 

l£(fcft bhte? wmim&m<r>tt#&toto l tt< * 

ofcfcsy ir.E-fetb5 0 

[ 0204 ] a±©i 5ft*3&wft4 5i, yt^cm-y-'f 
bf) l t>fr'?tz. „ 

[0 2 0 5] 7£:}o, JgfUP 

jgcpoy N-^coy ^^A-r^-voifA 

IHMRfSft 1 1 * 5 £ L 

X, yy-y^A, r/P5 = ^A, iS--T >v?!7A-g-&, 
y ^ Af^ 

ft:y^?A-?»:S?&(rov5Trojy-tSiflJ=SrfTofc^, -to 
M n O 2 , WOj, WOz, Vz O 
MoSz, NbSz, V2S4zi 
i?<om&&MtiLit% 3, fc5 1/ 'ttlt-a-iKkife* £'£# V '7c 

igB^n, h^®yf!> 
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t l-c *fTo Ttt^co ftps 

^^TuttOXflTe^ 

[0 2 0 6] 47c, *$&BJ<75^&«ft:}3i/'X)4, Effift 
^>>A^^>-y--f h^oy^ 
■7 a -< ;*- ^o Rj&ft AlHJiRiS & dfc L s 

y -f-^AS^JBKfbifei: LX, y^-frAa^hUfl: 
fe, y yr $&■?>#>&{£%> 

SrfflV'fct<^t-'p>/'X<o^.gftBJ*fTofc^, -tcotey t 
?a$;®mm£i, yf^A^r^/i'n/^n-ttt, yt 
10 i^a— s/-x/W'5-y--i? | y A^-fb^j, y n 

A&fls&fcifOA 

ft. y <? <? AlMiilkftiffli 'fcStefc ra*«53MM* 
j|f)ii5iitii'5mii<, A?gB^ii, iE®ftffli,' 
**?*>■< *'y*M (-^©yf^A 

-T *^©^aw*m*{fc^fl^A*UiRlt:SrfeC* y 7" 

? A5g^^M®Kt$5 £ UXr*it»lll6«T?ttW*ffofc 
t<D(-|5g5£$^2>’b^X*li^l/'„ 

[0 2 0 7] 4ft, ^BJCDHSteMftfc'l/'XI4, y^l7 

A^r tygSttiieMifSt lt, o. oil is 

20 P 04 — 0. 6 3 L i z S _ 0. 36SiS2, 0. 05 
L i 2 O— 0 . 57Li2S-0. 3 8 S i Sz CO ]) ^ V 
A-r 

izS-Ge S 2 , L i 2 S-Pz Ss, L i 2 S — B 2 Ssztf 

<75, L i C 1 - L i 2 S - S i Sz, LiBr — L i 2 S 
- Pz S57it'{tiK75/Nny>-fby ^'7A^-^tft<75, 4ft 
L i I-Li 2 S-S i Sz-PzSs, L i I — L i 3 PO 

4-L iz S-S i S2 7if<75)g4 7£S<75t)<75, fo5l/M4 
30 Lftt>ro/iif, fc5l/'(4L i jN, L 

i 1.3 Sc 0.3 Til. 7 (PO 4 ) 3 . Li 0.2 Lao.6Ti 

os f£ t'nmmmx izs&w zm>t£fa-o tzm&wc n y ^ 

7)^#ibttsxi:m'5 4xtz , i<, ^Ms^iiy ^^A-r 
b LX, LLtL^SS^XIftl^ 
■Srff o ft t> <75 ft mM S ^l- 5 t <75 XI4& l< \ 

[0 2 0 8] 47c, 2|s:^BJ<75^1iS0!lft*3V'XH, 

y ^ <> a ~0c®mxfc 5 2 ow^a^ir)— < 75m?di^s§ 
rtftjttSHttttftWWtLfttroftok'X^ttWSrffofc 
40 -?r<75ftll, $ t>ft#^C<75^®7lB,Sr1^^Lfct><75, 3t?IJ 

SS^Wfll^Sr^ri-StW, ttfta%rtKttA£;h,fc£B 

W- y ^ ^ A r tt^ij fo 5 1 'llM^ift SEJt L 7c t 

< 75 , fcst't±*«MW*«w«*ffli»'fcy^^A-fc«ft 
t^L7ct><75, 47 c=2/^/W-* K$ ■>Am^7eif<75 
te<75H^m?ib,i:g(i^L7ct<75ftiol/'XtPm<75^^# 
t(ii<'54X* 1 b7ct''o 
[0 2 0 9] 

&>±<o£?\z&m Hft4tuf, y^^A 
S^JSSElt^iro y ;> A-r ^-v<75)f AlttBi^r 

50 ex-fy ^^A-r^vogAKiSiaft^i-Lx, y^!>A 
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-i *is<dW AflfcStSJSlc 1 1 ft 5 ®(St®7pig«!*^bS: 

£ x*w y a^ *- 

£V, fEMcm+4*Ajmte&to1Z±m#!>*9*—*. 
mMZft2>ZbtfX'%tc 0 

[0 2 10] 4fcft3S9il;i,fc*Uf, '>*£< ttf/hrog 
a**pr5i!t«?&fc l,X±m<D±®#:'J?-?£.-lkm'fc 
im\>'Z>Z.hlc£r>' ftten-iM ? 
nM*mz>xtt)'X-i!st^ 

[0 2 11] 3S®®9KiK*frb 

t, 1EV ifr<bW£.V2^<D7Fmffl£W£mt$:±C : b 
ztibnmMZ. W£.V2!ikTX3LWrtZ>xbiz.£y) , 
±®fty ®ttfc 

[HB©ffl**lMn 

[01] (a) ft$§Wfcfett*£0fty? i ?A-&«ffc 

omsbua^ift^ ufcEi®*3 <£ yn®©$iifioi(t 

&7jtLfc0 

(b) y 

[ 02 ] (a) tt&M?>£mft'J3 L p£‘—ft.nM<n{tg)j 

Jfrmzmvi LfcHffife 

fc0 



[01] 




AStSl 
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9! Lfc®fa(Ojg®;O<75^fc&^L;t0 
[0 3] ftSP/jo— HiiS0t||;i*5tt5£0fty 
®?tB,to®rB0 

[ 04 ] ftssw <o— ^ss^j & b mztt&m iz joit a £0 

^ y ^ ? a - bfc0 

[ 05 ] *&w<n— mmmtebxMztt&mz&ttz-z® 

ft: y ^ ^ a - &mift<ayE#t®-y-4' * utn 

[06] ft^Bjro— ^Jg^/fPjO'^tfclS^lcjoftS^:® 

ft y ^ ? A-jwtf&royafc m-y-4” * ufc0 

10 [0 7] *JS«lr*3»t5^fe-&«?t!iro»rB0 

[«F*©tt«] 

1 IE® 

2 BftttKWi 

3 &M 

4 mm^ss 

5 tfxf-y b 

6 £ 

7 #It(i) 

8 ^tmftMii) 

20 9 — 

1 0 ®?ifc# 3 § 

1 1 tfx.'rv h 
12 ^ 



[ 02 ] 

x in Li^ x CoO z 




% « * si a 




) 20 

till 



[ 06 ] 
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